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ABSTRACT 
HYDROLOGIC AND NUTRIENT DYNAMICS IN AN AGRICULTURALLY 
INFLUENCED NEW ENGLAND FLOODPLAIN 
by 
Michelle Galvin 
University of New Hampshire, May, 2010 
Non point-source pollution from agricultural activity is a major cause of 
water quality degradation. In particular, nutrient loading can lead to 
eutrophication and related anoxia in rivers, streams and lakes. Floodplains 
adjacent to these water bodies are sites of active nutrient cycling that can 
mediate the flux of nutrients to and from these water bodies. This study examines 
the hydrologic and nutrient dynamics of an agriculturally-influenced creek and 
floodplain in Lee, New Hampshire. Chemical mixing models were used to asses 
cycling of nutrients in response to flooding. The floodplain acted primarily as a 
sink for phosphate (P043"), ammonium (NH4+) and dissolved organic carbon 
(DOC) and nitrogen (DON), whereas there was minimal removal of nitrate (N03"). 
Nutrient dynamics were significantly impacted by groundwater interaction, 
hydroperiod and areal extent of flooding. The apparent lack of permanent 




Non-point source inputs of anthropogenic nutrients, specifically nitrogen 
(N) and phosphorus (P), are known to significantly impact river, lake and 
groundwater composition and quality. Nutrient concentrations in excess of those 
required for primary biological production can result in eutrophication, oxygen 
depletion, decreased water clarity, changes in ecological community composition 
and extirpation of a species (Peters et al. 2005, Chambers et al. 2006). 
Biogeochemical processes such as denitrification can remove nitrate (N03") from 
surface waters and reduce nutrient loading downstream. Floodplains, the low-
lying areas adjacent to rivers and streams that are subject to periodic inundation 
and cycles of soil erosion and deposition, can act as hotspots for biogeochemical 
processes. Floodplains may reduce transport of nutrients to downstream waters 
and thereby moderate negative impacts on water quality (Junk etal. 1989, 
Templey etal. 2004, Noe and Hupp 2005). Rainfall, overland runoff, upland river 
and tributary flow and rising groundwater are the primary contributors to 
floodplain waters (Junk etal. 1989, Tockner etal. 2000). 
The exchange of matter and energy associated with flooding forms a 
direct link between terrestrial and aquatic ecosystems (Junk et al. 1989, Tockner 
et al. 2000). The physical and chemical processes important for this exchange 
include (1) supply of river material (e.g., inorganic nutrients, organic matter, 
sediment) to the floodplain that is then involved in biogeochemical processing, 
1 
(2) mobilization of terrestrially-derived organic and inorganic material, (3) decay 
of organic material and biomass on the floodplain during periods of extended 
inundation and, (4) flushing of dissolved and suspended material from the 
floodplain to the river during flood recession (Hamilton et al. 1997, Sabo et al. 
1999, Benke et al. 2000, Lewis et al. 2000). The flood pulse concept (Junk et al. 
1989) proposes that the pulsing of river discharge and associated lateral 
exchange of material (e.g., inorganic nutrients, organic matter) between the river 
and floodplain is the primary control on nutrient cycling and ecological activity in 
the river-floodplain environment. 
Nutrient cycling and ecological activity differ widely among floodplain 
environments owing to differences in prevailing hydrologic dynamics. The 
duration, timing and seasonality, and magnitude of the flooding episode and 
preceding seasonal weather patterns may all impact nutrient cycling in the 
floodplain environment (Tockner et al. 2000, Bechtold et al. 2003, Muybana et al. 
2003, Noe and Hupp 2007, Lindholm et al. 2007). There is no singular response 
of nutrient cycling (nutrient release or retention) to inundation in river-floodplain 
systems. For example, long hydroperiod flooding (weeks-to-months) can be 
associated with a decrease in surface water N03"concentration and increases in 
dissolved organic nitrogen (DON) and phosphorus (DOP) concentrations. These 
changes likely reflect extended contact times, autotrophic and heterotrophic 
nutrient uptake, transformation of inorganic to organic forms, denitrification and 
nutrient dilution that occur in the floodplain (Lowrance et al. 1984, Hamilton and 
Lewis Jr. 1987, Forshay and Stanley 2005, Pfeiffer etal. 2006). Other studies 
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have documented increases in dissolved reactive phosphorus (DRP) and 
phosphate (P043") (Van den Brink etal. 1993) and both increases and decreases 
in NH4+ and particulate N and P (Tockner etal. 1999, Hein etal. 2003, Forshay 
and Stanley 2005, Noe and Hupp 2007). Alternatively, floodplains may act as 
sources of N03" to surface waters during short hydroperiod flooding (Noe and 
Hupp 2007), likely due to a lack of biological nutrient uptake, lack of oxygen 
depletion and denitrification, and/or release of N03" stored in dry floodplain soils 
(Bechtold etal. 2003). 
The cycling of nutrients between the river and floodplain (i.e., surface 
water nutrient source versus sink) may also be influenced by the timing of 
flooding events, with high rates of nutrient uptake expected in the spring-summer 
and low or no uptake expected in the winter due to higher and lower biological 
productivity, respectively (e.g., Tockner et al. 2000, Forshay and Stanley, 2005). 
Nutrient cycling, surface water nutrient concentrations and ecological response 
are also influenced by flood magnitude. Large flood volumes and high 
connectivity effectively dilute nutrients and diminish primary productivity 
(Muybana etal. 2003, Lindholm etal. 2007). Dry weather conditions can result in 
nutrient accumulation in soils, which are subsequently released and concentrated 
in small flood surface waters (Bechtold et al. 2003, Muybana et al. 2003, 
Lindholm et al. 2007). Wet conditions and frequent floods may suppress nutrient 
accumulation in soils. 
Continued field research is necessary to better identify the relationships 
between hydrologic dynamics and nutrient cycling and to examine the potential 
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connections between terrestrial and aquatic environments in the river-floodplain 
(Dahm etal. 1998, Forshay and Stanley 2005). Relatively few studies have 
examined the response of surface water chemical composition, nutrient cycling 
and biological activity to flooding events in river-floodplains that are influenced by 
anthropogenic practices (e.g., agricultural activity). 
The study was conducted on a tributary (Burley-Demeritt Creek) to the 
Lamprey River at the University of New Hampshire (UNH) Organic Dairy 
Research Farm in Lee, NH. Few studies of nutrient cycling in floodplains have 
been conducted in New England. Floodplains may play an important role in 
controlling nutrient export as high concentrations of nitrate (N03) in groundwaters 
and tributaries (up to 50 mg/L and 2 mg/L, respectively) have been recorded 
here. This study examines how surface water chemical composition and nutrient 
cycling responds to flooding events and different hydrologic dynamics (e.g., 
duration, timing and magnitude of inundation) as well as the importance of 
different water sources (groundwater, river water and tributary water) on flooding 
in this agriculturally influenced river-floodplain ecosystem. The purpose of the 
study is to evaluate whether this floodplain may aid in reducing nutrient loading to 
downstream waters. It was hypothesized that flooding would occur seasonally 
and the floodplain would act as a sink for nutrients with greatest removal 




AREA AND GEOGRAPHY OF STUDY SITE 
The Lamprey River is the largest tributary to Great Bay, NH and is a major 
source of drinking water to surrounding towns (Fig. 1). Sections of the river have 
been designated under Federal (Wild and Scenic Rivers System) and State 
agencies (New Hampshire Rivers Management and Protection Program). 
Nitrogen loading is of concern here as the Great Bay Estuary has been listed as 
N-impaired and is currently in violation of the Clean Water Act. 
The Burley-Demeritt Creek (BDC) is headwater stream and tributary to the 
Lamprey River in Lee, NH (Fig. 2). The BDC is located on the UNH Organic 
Dairy Research Farm (Burley-Demeritt Farm), which is the first of its kind 
operated by a land-grant university in the United States. The property has 
approximately 2.7 km of frontage along the Lamprey River within a forested 
riparian buffer zone (ranging from 135 to 500 m in width) between the Burley-
Demeritt property and the river. The BDC flows along the southeast edge of the 
Burley-Demeritt property and drains a 1.28 km2 watershed. Land use in the 
watershed is predominately agricultural (60%), forested (30%) and wetland/water 
(10%). 
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Figure 2. Map of floodplain area at BDC and delineation of upper and lower 
sections. Floodplain area was plotted on Lidar image using BDC stage height 
during the largest sampled flood (April 7, 2009). 
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During large precipitation and runoff events BDC is subject to flooding. 
Floodplain waters are from three primary sources; (1) Lamprey River waters 
entering into the BDC and floodplain during periods of high river stage, (2) build-
up of creek waters in the BDC owing to the presence of Lamprey River water and 
elevated stage in the creek, and (3) rising groundwater levels which discharge 
into the BDC and its associated floodplain. Groundwater is likely to be shallow, 
as the soil in the creek area is predominantly clay. Two distinct floodplain areas 
exist, a lower (0 - 90m upstream of Lamprey River) floodplain which is frequently 
inundated and an upper floodplain (90m - 150m upstream of Lamprey River) 
which is only inundated during significant rainfall events (Fig. 2). 
Hydrologic Mapping 
Water discharge and stream stage of the Lamprey River were measured 
downstream of the Burley-Demeritt Farm at a USGS stream gauging station (Site 
#01073500) near Newmarket, NH. Hourly measurements of creek stage along 
the BDC were recorded using a permanent on-site stream gauging station 
installed in November 2008. 
During flooding events, the area and duration of inundation were 
measured daily. Rebar stakes were installed as permanent markers on both 
sides of the creek at 3, 45, 70, 95, 100, 105 and 120m upstream of the 
confluence with the Lamprey River. The width of the creek and floodplain were 
measured along the channel at marker locations and at the point upstream where 
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flooding along the channel terminated, and the total area of flooding was 
calculated accordingly. 
HOBO temperature loggers were deployed in the creek, the Lamprey 
River, and the floodplain in an attempt to use temperature differences between 
the Lamprey River and the creek to infer the extent of back-flooding of the 
Lamprey into the creek. Lamprey River water was typically warmer than Creek 
water. Temperature loggers were also deployed on the floodplain at 30, 45, 60, 
90, 100, 105 and 120m upstream of the confluence with the Lamprey River so 
that the timing and duration of inundation could be recorded continuously, 
providing more detailed observations than could be provided by manual 
measurement of inundation. When the floodplain was not inundated temperature 
loggers showed large diurnal patterns but when inundated this pattern was 
greatly dampened because of the larger heat capacity of water. 
Sampling and Analysis of waters 
The Lamprey River, BDC water and a groundwater spring were sampled 
daily during periods of inundation. Sampling was carried out during the following 
floods: (1) March 29 - April 10, 2009, (2) May 8 - 13, 2009, and (3) July 3 - 6 , 
2009. Lamprey River samples were collected 5m upstream from the confluence 
of the BDC and the Lamprey River. Samples from the BDC were collected every 
15m along the creek (starting at 0m, the confluence of the Creek and the 
Lamprey River) and in the adjacent floodplain when flooded. At least one sample 
was also collected along the BDC upstream of where flooding extended. 
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Groundwater was sampled from a shallow spring on the Burley-Demeritt Farm, 
40m from the BDC, in late May 2009 and during flooding in July 2009. No 
groundwater samples were collected during flooding in March/April 2009 
because significant groundwater discharge was not anticipated. Data from 
groundwater samples collected in late May and July flooding events were used in 
mixing calculations for the March/April flooding event. Concentrations of all 
chemical constituents in the groundwater changed little throughout the sampling 
period (less than 40% for most constituents), making use of summer 
groundwater values appropriate for the spring flood event. 
Temperature, dissolved oxygen, pH and specific conductivity were 
measured in the field using a YSI Multiparameter 556 at the same time and from 
the same locations that waters were sampled. All water samples were filtered 
through pre-combusted (450 C for 4-6 h) Whatman GF/F glass-fiber filters and 
stored in acid-washed high density polyethylene (HDPE) bottles. Water samples 
were frozen until analysis, with the exception of samples for SiC>2, which were 
refrigerated until analysis. Anions (CI", NO3", SO42") and cations (Na+, K+, Mg2+, 
Ca2+) were analyzed on a Dionex Ion Chromatograph. Dissolved NH4+, P043" and 
SiC>2 were analyzed on a Smartchem robotic analyzer. TDN and DOC were 
analyzed on a Shimadzu TOC-V. DON was calculated by subtracting NH4+ and 
N03"from TDN. All chemical analyses were performed at the Water Quality 
Analysis Laboratory at UNH. 
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Modeling and statistical treatment of data 
The relative proportions of the three primary sources of water along the 
floodplain (i.e., Lamprey River water, BDC water and groundwater) were 
calculated using end-member chemical mixing models. To obtain a valid and 
accurate mixing model, it is important that tracer concentrations are significantly 
different between end-members and that tracers behave conservatively (e.g. Liu 
et al. 2004, Christophersen et al. 1992). A oneway ANOVA with post-hoc Tukey 
test was used to determine if differences between end-member tracer 
concentrations were significant for each flooding event. Tracer-tracer mixing plots 
were constructed using average concentrations of each end-member to define a 
polygon of mixing. If tracer concentrations measured in floodplain and creek 
samples were fully enclosed within this polygon, then the mixing model was 
considered to be complete (i.e., the correct end member compositions were 
used) and the tracers conservative. 
The proportion of each end-member source present at 15m intervals along 
the BDC and floodplain were calculated using the following formulas: 
JLamp 
^gw i^^ BDC Cgw) (CBDC Cgw)(CM -^gw) 
1.amp ~ C)(CgDC ~ C^ ) — (C BDC ~ C^ )(CLamp ~ C^ ) 
r> -c' C' - C ' 
r _ M ^gw Lamp ^ gw r 
J BDC ~ TTi _ ,- A 77l _ J Lamp 
BDC. ^gw BDC gw 
fgw 1 JBDC fLamp 
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where f is the fraction of each source and C is the tracer concentration. 
Subscripts Lamp, BDC and gw refer to the Lamprey River, creek and 
groundwater end-members, respectively, and subscript M refers to the mixed 
zone for which source fractions are being calculated. Superscripts 1 and 2 refer 
to the tracers used in the calculations. Discharge fractions may be negative or 
greater than one if samples fall outside of the three end-members. In this case 
negative values were replaced with zeroes and values greater than one were 
replaced with one. 
Once conservative tracer mixing models were constructed they were used 
to identify conservative or non-conservative behavior of nutrients along the 
floodplain and establish if differences in nutrient concentrations in floodplain 
waters reflect hydrologic mixing and nutrient dilution or active biogeochemical 
processing (e.g., nutrient uptake, denitrification). Expected nutrient 
concentrations in floodplain and creek water assuming conservative nutrient 
behavior (i.e., dilution) during mixing were calculated using the following formula: 
Calculated Concentration = (fLamp * CLamp ) + (fBDC * CBDC ) + {fgw*Cgw) 
Calculated nutrient concentrations could then be plotted against measured 
nutrient concentrations to evaluate if the floodplain was a site of active 
biogeochemical cycling (i.e., non-conservative nutrient behavior). A 1:1 line on 
such a graph shows the relationship expected for conservative behavior. If 
calculated concentrations exceed measured concentrations, a nutrient is being 
removed from the environment. Conversely, if calculated concentrations are 
11 
lower than measured concentrations, a nutrient is being added to the 
environment. The similarity between measured and calculated concentrations for 
each nutrient was compared using a paired t-test. Significance was determined 
both daily and for the entire duration of flooding. To determine if significant 
correlations exist between differences in calculated and measured 
concentrations of the various nutrients, Pearson correlations were conducted for 
all nutrients for each flood event. All statistical analyses were performed using 




Flood Dynamics and Characteristics 
Two distinct sections of floodplain exist along the BDC. The lower 
floodplain, which is located along the BDC between 15 and 90 m upstream of the 
Lamprey River, and the upper floodplain, which extends from 90 to 150 m 
upstream. A higher stage is required to flood the upper floodplain. Flooding of the 
lower floodplain occurred when stage height in the BDC exceeded 0.3m and in 
the upper floodplain when stage height exceeded 0.55m (Fig. 3). 
Flooding of the lower floodplain occurred many times during the period of 
study from November 2008 to November 2009, with frequent floods in spring and 
summer 2009 (Fig. 3). Flooding of the upper floodplain occurred less often, in 
late fall 2008 (November 26 - 29, 2008 and December 1 2 - 18, 2008), early 
spring 2009 (March 29 - April 10, 2009) and once in summer 2009 (July 3 - 6 , 
2009). It should be noted that the summer of 2009 was exceptionally wet and the 
frequent flooding that was observed during this time period may not be a 
common occurrence. Flooding was expected in fall 2009 but below-average 
rainfall resulted in only minimal flooding of the lower floodplain. All flooding 
events occurred during periods of high and/or extended precipitation (Fig. 3). 
Patterns of flooding recorded by temperature logs from the creek and floodplain 
13 
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Figure 3. Stage height in the BDC from November 26, 2008 through November 
16, 2009. Stage heights above 0.6 m recorded during winter 2009 (January to 
March, 2009; blue bar) reflect snow and ice buildup and not the presence of 
flooding. Gray bars show periods of flooding. Horizontal lines indicate height at 
which flooding occurs in upper and lower floodplains. Precipitation data is from 
Thompson Farm, which is located 2 miles from the study site (NOAA 2010). 
The March/April 2009 and July 2009 flood events were similar in size and 
much larger than the May 2009 flooding event (Fig. 3 and 4). During the larger 
floods both the upper and lower floodplains were inundated while during the 
smaller flood in May 2009 only the lower floodplain was inundated. Flood 
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hydroperiod during the March/April 2009 flood was approximately 13 days; that of 
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Figure 4. Areal extent of flooding that was measured during sampled floods. 
Temperatures of creek and floodplain waters showed expected patterns in 
seasonal variation with lower mean daily temperatures during flooding in 
March/April 2009 (5°C) and higher mean temperatures during flooding in May 
and July 2009 (14°C and 16°C, respectively). 
There were no significant decreases in mean dissolved oxygen over the 
duration of flooding in either the floodplain or the creek (Fig. 5). However, there 
were some declines in mean concentration between days (Fig. 5). 
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Figure 5. Mean daily dissolved oxygen (mg L"1) for each flooding event. Error 
bars represent one standard deviation from the mean. 
Major Anions and Cations 
The average concentrations of measured anions (CI", S042") and cations 
(Na+, K+, Mg2+, Ca2+) in end-member waters of the Lamprey River, the BDC and 
from groundwaters for each flooding event are listed in Table 1. Tracer-tracer 
plots show that the concentrations of most anions and cations differed 
significantly between end-member waters sampled on any given date and also 
within end-member waters sampled on different dates (Fig. 6; see also Appendix 
A). In general, concentrations of CI", and Na+ were higher in Lamprey River 
samples, whereas S042", Ca2+, Mg2+ and K+ were higher in the BDC and 
groundwater samples (Table 1). Based on the typically conservative behavior of 
16 
Table 1. Mean concentrations of measured chemical parameters in end member 





















BDC 9.87* 6.40* 4.50* 2.27* 13.97 3.13* 5.78 
Lamprey 16.33* 10.82* 0.71* 0.74* 4.97 1.85* 5.62 
Groundwater 3.85* 4.14* 6.99* 5.40* 13.1 0.18* 5.64 
May 
2009 
BDC 11.23* 6.93* 5.51 2.93* 20.53* 3.18* 5.89 
Lamprey 20.21* 12.78* 0.95 1.00* 6.95* 1.57* 3.83 
Groundwater 3.28* 4.31* 6.05 5.57* 13.12* 0.17* 5.57 
July 
2009 
BDC 11.35* 7.48* 6.5 3.70* 20.67* 2.35* 10.50 
Lamprey 16.01* 10.68* 0.88 0.95* 5.08* 1.17* 6.01 



















BDC 5.04 0.92* 0.23 19.02 0.67 29.84 
Lamprey 3.33 0.25* 0.15 6.5 0.09 2.05 
Groundwater 17.3 1.33* 1.1 190.4 0.04 138.96 
May 
2009 
BDC 9.05* 0.90* 0.35 35.57 0.52 107.75 
Lamprey 4.97* 0.26* 0.2 6.08 0.05 3.49 
Groundwater 16.21* 1.26* 1.06 160.5 0.04 126.84 
July 
2009 
BDC 11.53* 1.13 0.53* 50.17 0.56 110.15 
Lamprey 6.89* 0.32 0.24* 15.13 0.07 2.24 
Groundwater 16.93* 1.13 1.04* 49.12 0.04 100.8 
* denotes tracers with concentrations that are significantly different between all 
end members for a flooding event. 
CI", Ca2+ and S042" during mixing of waters with different composition, these 
species were used in mixing calculations to determine the relative proportions of 
end-members present in waters sampled from the creek and floodplain during 
periods of flooding. 
CI" and S042"were selected as conservative tracers for mixing calculations 
for the March/April 2009 flooding event and CI" and Ca2+ were used for the May 
and July flooding 2009 events (Fig. 6). Mixing diagrams for other conservative 
tracers are presented in Appendix A. Three end-member mixing diagrams for the 
May and July 2009 flooding events encapsulate measured compositions of 
waters from the creek and floodplain. These data indicate that the compositions 
of creek and floodplain (lower and upper) waters are derived entirely from mixing 
of three end-member sources (i.e., Lamprey River, groundwater and BDC end-
members). The end-member mixing diagram for the March/April 2009 flooding 
event does not enclose measured compositions of all waters sampled from the 
upper floodplain. During this flooding event, only groundwater and BDC end-
member water contributed to the upper floodplain; no Lamprey River water 
migrated up creek beyond the lower floodplain. The proportions of end-member 
waters on the upper floodplain were therefore calculated by a two-endmember 
mixing model using CI" as the conservative tracer. 
Table 2. Mean concentrations of measured chemical parameters in different 
groundwater sources 
Sample name 















BD-13 6.82 9.68 10.42 3.79 30.28 4.68 14.49 
BDC GW (baseflow) 5.29 4.28 2.57 1.46 6.54 2.37 10.93 
BDC GW Spring 3.56 4.29 6.35 5.60 13.54 0.18 5.60 














BD-13 1.32 1.23 0.38 12.56 1.41 4.93 
BDC GW (baseflow) 3.84 0.78 0.36 86.66 0.26 9.76 
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Figure 6. End member mixing diagram for flooding events. Points represent 
mean concentration at a location over the duration of flooding. Error bars 
represent one standard deviation from mean. 
Data from the groundwater spring were compared to a groundwater well 
located 10m from the spring (but installed after flooding) as well as to water 
samples collected from groundwater seeps that were observed in the stream bed 
during baseflow to evaluate the accuracy of using the groundwater spring as an 
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end-member rather than directly measuring groundwater in the floodplain. 
Differences between measured chemical parameters suggest that these three 
groundwater sources are of somewhat different origin, although it appears that 
the groundwater spring is most similar to the baseflow groundwater with respect 
to N03", NH4+, CI", Na+ concentrations (Table 2). Higher concentrations of PO43", 
DOC and DON in the groundwater spring as compared to the other two sources 
suggest that mixing calculations may overestimate the amount of these chemical 
constituents that were removed or accumulated in the floodplain. 
The validity of mixing calculations as an estimator of the relative 
proportions of each end-member water present in the creek and floodplain was 
assessed by plotting calculated versus measured concentrations of an 
independent conservative tracer (Na+). In general, data plot with a 1:1 
relationship and a correlation coefficient (r2) approaching one, indicating that the 
mixing models are valid for all flooding events (Fig. 7). The only exception was 
for some of the upper floodplain sites in March/April and July 2009. When plotted 
solely for creek sites in March/April and July the r2 value increased to 0.935 and 
0.991, respectively. 
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Figure 7. Calculated vs. measured concentrations of Na+ for the three flooding 
events. The 1:1 line represents where points would fall in the absence of nutrient 
transformations. 
Calculated versus measured concentrations of NO3" were also plotted 
against each other to evaluate the validity of the mixing model. Although N03"is 
not thought to behave conservatively it appears to have in this study. Similar to 
results for Na+, N03"data plot along the 1:1 line with lva lues close to one (Fig. 
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Figure 8. Calculated vs. measured concentrations of N03"for the three flooding 
events. The 1:1 line represents where points would fall in the absence of nutrient 
transformations. 
Contribution of end-members to flooding 
Flooding was influenced by three sources of water: (1) Lamprey River 
backing up into BDC, (2) the inability of creek waters to discharge because of 
Lamprey River water in the creek, and (3) rising groundwater levels which 
discharged into the creek and floodplain. The results of conservative tracer 
mixing calculations estimate the relative contributions of the end-members fLamp, 
fBDc, and fgw in creek and floodplain waters during flooding (Appendix B). 
Flooding in July was more influenced by the back-up of the Lamprey River 
than during the March/April (Fig. 9 and Appendix B). During flooding in July, 
conservative tracer mixing calculations suggest that Lamprey River water was 
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present up to 105 m upstream of the river during peak flooding (Fig. 9). In 
contrast, during the March/April flood almost no Lamprey River water was 
present during initial flooding and the furthest the River water reached upstream 
was 75m during peak flooding (Fig. 9). Even in the absence of flooding, Lamprey 
River water was present in BDC up to 15m upstream of the Creeks confluence 
with the River as was observed on May 13, 2009 (Fig. 9). 
Groundwater inputs to the floodplain during the March/April and July flood 
events were similar and considerable. Floodplain sites between 100 and 150 m 
upstream of the Lamprey River were the most influenced by groundwater 
discharge with sites 100 m and 105 m east being comprised of up to 100% 
groundwater during peak flooding in March/April 2009 (Fig. 10, Appendix B). 
During the May flooding event groundwater input was much smaller with a 
maximum of 12% groundwater present at floodplain sites. 
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Figure 9. Percent Lamprey River water present in BDC during flooding events. 
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Sources to floodplain, April 7, 2009 
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Figure 10. Percent of each water source present in floodplain during peak 
flooding on April 7, 2009. Conservative mixing calculations and low CI" 
concentrations suggest that floodwaters at sites 100m east, 105m east and 150m 
were almost entirely composed of groundwater during peak flooding. 
Using the relative contributions of the end-members in the creek and 
floodplain waters during flooding, it is possible to compare measured nutrient 
concentrations versus compositions calculated by mixing models (i.e., assumed 
conservative behavior) to assess the behavior of nutrients in the floodplain 
environment. 
Dissolved phosphorus. 
Measured phosphate (P043") concentrations were significantly different 
from calculated concentrations during all three flood events (Fig. 11). The creek 
and the floodplain both acted as sources and sinks of P043" during flooding in 
Nutrient concentrations and dynamics during flooding 
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March/April 2009. During flooding in May 2009, the data indicate moderate 
production of P043" in creek and floodplain waters, but in general the extent of 
P043" cycling appears lower relative to that observed in March/April 2009. Creek 
and floodplain waters acted primarily as a sink for P043" during the July 2009 
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Figure 11. Calculated vs. measured concentrations of P043". The 1:1 line 
represents where points would fall in the absence of nutrient transformations. 
Points above the line indicate that the site is acting as a nutrient sink while points 
below the line indicate the site is acting as a nutrient source. 
Dissolved Nitrate. Ammonium and Total Nitrogen. 
Significant differences between measured and calculated concentrations 
of N03" were observed during the March/April 2009 and July 2009 floods while 
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significant differences of NH4+ and TDN were observed during all three floods. 
The creek and floodplain acted as a sink for N03" during March/April 2009 and as 
a source in July 2009 (Fig. 12). During all of the floods, N03~ data generally fell 
on or close to the 1:1 line suggesting that cycling of N03" was minimal (Fig. 12). 
The creek and floodplain acted as both a source and sink of NH4+ during the 
three floods (Fig. 12). In March/April 2009 the creek and floodplain acted as both 
a source and sink of TDN while In May 2009 and July 2009 the floodplain acted 
as a sink for TDN while the creek sites fell along the 1:1 line indicating 
conservative mixing (Fig. 13). Nutrient cycling appears to be greatest in 
March/April 2009 for both N03"and TDN while similar levels of NH4+cycling were 
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Figure 12. Calculated vs. measured concentrations of NH4+and N03". The 1:1 
line represents where points would fall in the absence of nutrient transformations. 
Points above the line indicate that the site is acting as a nutrient sink while points 
below the line indicate the site is acting as a nutrient source. 
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Figure 13. Calculated vs. measured concentrations of TDN. The 1:1 line 
represents where points would fall in the absence of nutrient transformations. 
Points above the line indicate that the site is acting as a nutrient sink while points 
below the line indicate the site is acting as a nutrient source. 
Dissolved Organic Carbon and Nitrogen. 
Significant differences were observed between calculated and measured 
concentrations of DOC and DON in the creek and floodplain during all flood 
events. The floodplain and creek acted as a sink for DOC during the March/April 
2009 and May 2009 floods while the creek and floodplain acted as a source and 
sink during the July 2009 flood (Fig. 14). The floodplain and creek acted as a 
sink for DON during all three floods. The only exceptions were a couple of creek 
and floodplain sites that acted as a source of DON during the March/April 2009 
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and May 2009 floods (Fig. 14). Again, it appears that nutrient cycling was most 
significant in March/April 2009 (Fig. 14). 
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0.00 0.25 0.50 0.75 1.00 1.25 
Measured DON (mg N L1} 
May 2009 
0.0 0.2 0.4 0.6 
Measured DON (mg N L1) 
July 2009 
0.00 0.25 0.50 0.75 1.00 



























o Lower Flood p(ar 
x Upper floodplain 
5 10 15 20 
Measured DOC (mg C L"1) 
May 2009 
•"i 'i 
4 6 8 10 12 




jH&f o Q 
5 10 15 
Measured DOC (mg C L1} 
Figure 14. Calculated vs. measured concentrations of DOC and DON. The 1:1 
line represents where points would fall in the absence of nutrient transformations. 
Points above the line indicate that the site is acting as a nutrient sink while points 
below the line indicate the site is acting as a nutrient source. 
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Temporal Differences in Nutrient Transformations 
Removal of nutrients during flooding was greatest at the floodplain sites in 
the March/April 2009 (Table 3). The largest mean difference in concentration 
during all flood events was for DOC (Table 3). It is possible that these differences 
are the result of the indirect measurement of groundwater chemistry but the high 
r2 values associated with Na+ and NO3" prediction (Figs. 7 and 8) suggest that 
this groundwater spring was a good approximation for the actual groundwater 
entering the creek. 
Table 3. Mean difference (measured minus calculated) in concentration for each 
flooding event (± 1 standard deviation) for creek and floodplain sites. 
N03" DOC P04
J
" NH4+ DON TDN 














2009 Floodplain -0.017 ± -5.071 ± -0.046 ± -0.009 ± -0.296 ± -0.340 ± 
.062 3.763 .035 .019 .262 .295 
Creek 0.008 ± -0.308 ± 0.000 ± 0.001 ± -0.027 ± -0.021 ± May .025 .447 .011 .017 .044 .038 












Creek -0.004 ± -0.004 ± -0.002 ± -0.003 ± -0.004 ± -0.003 ± July .020 .415 .005 .032 .036 .035 
2009 Floodplain -0.007 ± -0.712 ± -0.008 ± -0.005 ± -0.073 ± -0.072 ± 
.045 2.993 .0156 .034 .183 .186 
During the March/April flood significant differences between measured 
and calculated concentrations were not observed until several days after flooding 
began. As hydroperiod and areal extent increased so did significant differences 
between concentrations of most of the nutrients with the general exception of 
N03". Significant differences in N03" concentration were only observed towards 
the end of the flooding event (April 3 to 9, 2009 in the creek and April 7 to 10, 
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2009 in the floodplain). Similar patterns were observed during the May and July 
floods with significant differences between measured and calculated 
concentrations not observed until one or two days after initial inundation. The 
creek and floodplains tendency to occasionally act as a source of nutrients was 
restricted to the first few days of flooding during the March/April flood. No 
temporal patterns were observed during the May and July floods in regards to 
whether sites acted as a source or sink. 
All three floods appear to follow similar patterns over the duration of 
flooding with the smallest mean differences in inorganic nutrient concentration 
observed at the begging of flooding (Fig. 15). At the end of the March/April 2009 
flood the difference in N03~ concentration becomes negative, suggesting it took a 
several days for the floodplain to act as a sink for N03" (Fig. 15). Alternatively, in 
July the difference in N03" concentration become positive, suggesting that the 
floodplain was a source of N03" towards the end of the flood (Fig. 15). During the 
March/April flood the difference in organic nutrient concentration was similar at 
the beginning and end of flooding and generally, the greatest differences were 
recorded during the middle of flooding (Fig. 15). In July, the difference in organic 
nutrient concentration was negative at the begging of flooding, suggesting 
uptake, while the difference become positive towards the end of flooding, 
suggesting the floodplain was a nutrient source (Fig. 15). 
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Figure 15. Mean daily change in nutrient concentration at floodplain sites. Error 
bars represent one standard error. 
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Nutrient Uptake Relationships 
Strong positive correlations were observed in both March/April 2009 and 
July 2009 between uptake of DOC and P043", DON, and TDN and between TDN 
and P043"and DON (Fig. 16 and 18). In May 2009 strong positive correlations 
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Figure 16. Pearson correlations between differences in concentration (measured 
concentration minus calculated concentration) in the floodplain during the 
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Figure 17. Pearson correlations between differences in concentration (measured 
concentration - calculated concentration) in the floodplain during the May 2009 
flood. Negative values indicate uptake, positive indicate production. 
During the March/April flood strong negative correlations were found 
between % groundwater on the floodplain and differences in concentration of 
P043", DOC, DON and TDN (Fig. 19). In July there were strong negative 
correlations between % groundwater in floodplain and DON and TDN (Fig. 20). 
No correlations were observed between % groundwater and differences in 
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Figure 18. Pearson correlations between differences in concentration (measured 
concentration minus calculated concentration) in the floodplain during the July 
2009 flood. Negative values indicate uptake, positive indicate production. 
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Figure 19. Pearson correlations between difference in concentration (measured 
concentration minus calculated concentration) and % groundwater in floodplain 
during the March/April 2009 flood. Negative values indicate uptake, positive 
indicate production. 
Figure 20. Pearson correlations between differences in concentration (measured 
concentration minus calculated concentration) and % groundwater in the 
floodplain during the July flood. Negative values indicate uptake, positive indicate 
production. 
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C:N:P Uptake Ratios 
Molar C:N:P uptake ratios were calculated as the slope of the linear 
regression of differences in concentration (calculated minus measured) for TDN 
vs. DOC, TDN vs. P043", and DOC vs. P043". During the March/April flood C:N 
and C:P uptake ratios suggest that uptake was not limited by C while the N:P 
ratio suggests slight P limitation, although it is close to the Redfield ratio of 
106:16:1 (C:N:P) (Fig. 16). Because P measurements do not include dissolved 
organic phosphorus (DOP), P uptake may be underestimated and the N:P ratio 
may actually be closer to the Redfield ratio. During the May flood, the ratio of C:N 
suggests that C uptake is limited by N (Fig. 17). However, potential for P 
limitation could not be determined as there was no correlation between C:P or 
N:P. The ratio of C:N, C:P and N:P during the July flood suggests that uptake of 





The relative contributions of water sources to flooding along the Burley-
Demeritt Creek (BDC) and adjacent floodplain differed significantly between 
flooding events in response to differences in initial creek stage, duration of 
preceding rainfall and overall flood size. In March/April 2009, higher initial creek 
stage, longer duration of elevated precipitation and increased runoff resulted both 
in a longer hydroperiod and more extensive flooding relative to flooding events in 
May and July 2009 (Figs. 3 and 4). These factors, along with higher contributions 
from watershed sources (i.e., creek and groundwaters) are also responsible for 
the lower volume of Lamprey River water contributing to flooding in March/April 
2009 (Fig. 9). 
During flooding in May and July 2009, lower creek stage prior to flooding 
and short, but intense, rainfall events caused water levels to rise briefly with 
resulting short hydroperiod flash floods (Fig. 3). Higher rainfall prior to and during 
flooding in July 2009 relative to that in May 2009 resulted in a larger areal extent 
of flooding in July. Although the maximum areal extent of flooding in March/April 
2009 and July 2009 was similar (Fig. 4), the fraction of Lamprey River water 
contributing to flooding in July was higher because lower and inconsistent rainfall 
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(Fig. 3) resulted in lower inputs from the BDC watershed and an increased 
contribution from Lamprey River waters (Fig. 9) backing up into the BDC and 
adjacent floodplain. 
Comparison of all flooding events suggests that the fraction of 
groundwater present in floodplain waters increased with areal extent of flooding. 
Inundation of the upper floodplain was primarily in response to increased 
discharge of groundwater. Floodplain surface waters were composed largely of 
groundwater in March/April 2009 and July 2009 (Fig. 10, Appendix B) as higher 
volumes of precipitation and runoff resulted in increased recharge to the 
groundwater and a coinciding rise in groundwater elevation which discharged to 
the upper floodplain. 
Mechanisms controlling nutrient dynamics in the floodplain 
The largest differences between measured and calculated nutrient 
concentrations in waters from the BDC and the adjacent floodplain were 
observed during the March/April 2009 flood suggesting that nutrient cycling was 
more extensive during this flooding event (Figs. 11-15, Table 3). Organic 
nutrients, such as DOC and DON, showed a greater deviation from conservative 
behavior relative to that shown by inorganic nutrients suggesting more intense 
cycling of the former. Cycling of both organic and inorganic nutrients during the 
smaller flood in May 2009 was low or absent. 
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Organic and inorganic nutrients also exhibited a range of behaviors 
among sampled floods, with floodplain and creek sites acting as both sources 
(nutrient accumulation) and sinks (nutrient uptake) of many nutrients. During 
flooding in March/April 2009, the floodplain and creek both acted as a sink for 
DOC and N03" and as a source and sink of P043", NH4+, TDN and DON. During 
the May 2009 flood the creek and floodplain acted as a source of P043", a sink 
for TDN, DOC and DON and as both a source and sink of NH4+. No significant 
differences were observed between measured and calculated concentrations of 
N03" in May, suggesting that the creek and floodplain were neither a source nor 
sink of N03". In July 2009, creek and floodplain sites both acted as a sink for 
P043", TDN, and DON and as a source and sink of DOC and NH4+. Slight 
accumulation of NO3" was observed in July, but most of the differences in N03" 
concentration among sampled sites were accounted for by conservative mixing 
of different water sources. The data suggest that the variable tendency of the 
floodplain to act as a source or sink of nutrients was controlled by interplay 
among several factors including hydrology, season, preceding weather patterns, 
stream biological characteristics, and nutrient limitation. 
Hydrologic controls on floodplain nutrient dynamics. 
Hydrologic factors including areal extent and frequency of flooding, 
hydroperiod, and the relative contributions of end-member waters with different 
41 
chemical compositions likely all influenced nutrient dynamics of floodplain waters 
along the BDC. 
Nutrient cycling was greater during the March/April and July 2009 floods 
when the areal extent of flooding was high relative to that of the May 2009 flood 
(Fig. 4). Increased nutrient cycling resulting from increased areal extent of 
flooding can be attributed to increased contact between the surface water and 
soils facilitating either enhanced dissolved nutrient assimilation or mobilization of 
previously accumulated soil nutrients in flood waters. Nutrient cycling was 
especially active when inundation of both upper and lower floodplains occurred in 
March/April and July 2009. In contrast, the small areal extent of flooding and 
inundation of only the lower floodplain in May 2009 coincided with minimal 
nutrient cycling. 
Frequency of flooding appears to affect patterns in nutrient cycling by 
directly impacting whether significant organic material can accumulate on, and be 
later mobilized from, a floodplain. The closely timed and prolonged flooding 
events in November 2008 and January 2009 (Fig. 3) may have reduced the stock 
of organic material on the BDC floodplain prior to multiple flooding events 
between March/April 2009 and May 2009, resulting in the floodplain frequently 
acting as a sink rather than a source of nutrients. Extended dry periods on the 
upper floodplain between March/April and July resulted in the only flood where 
the floodplain acted as a source for DOC and N03". 
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As compared to flooding in March/April 2009, the lower frequency and 
lower extent of inundation in late spring and summer leading up to flooding in 
July 2009 (Fig. 3) may have facilitated increased accumulation of organic 
material on the floodplain prior to flooding. Junk (1989) suggested that it is dry 
periods on a floodplain that are most favorable for decomposition and processing 
of organic matter. In addition, higher temperatures and higher rates of 
heterotrophic activity in summer leading up to July 2009 may have promoted 
increased decomposition of organic matter. As a consequence, the stock of 
degraded, labile organic and inorganic nutrients that was mobilized during 
flooding in July 2009 was significantly greater than that mobilized during earlier 
inundation, thus causing flooding in July to act as a source of some nutrients 
(e.g., DOC, N03") rather than a significant sink (Figs. 11-14). 
Hydroperiod also played a large and not surprising role in nutrient 
transformations, with longer hydroperiods resulting in more extensive nutrient 
cycling. The March/April 2009 flood had not only the longest hydroperiod (Figs. 3 
and 4), but also the largest mean difference between measured and calculated 
concentrations of most nutrients relative to the shorter May and July 2009 floods 
(Figs. 11-15, Table 3). The March/April 2009 flood was the only flood where 
significant uptake of N03" was observed (Fig. 12). NO3" removal only occurred at 
the end of this flooding event, suggesting that a long hydroperiod is necessary for 
either denitrification or biological uptake of NO3" to occur. Increased cycling of 
most nutrients during longer hydroperiods likely occurs in response to longer 
contact times between surface waters and soils and, therefore, the potential for 
depletion of oxygen and assimilation of other nutrients (e.g., NH4+ and N03") via 
autotrophic and/or heterotrophic biological production. It should be noted that the 
influence of hydroperiod will not vary exclusive of, and may be confounded by, 
other factors such as seasonality and background nutrient concentrations; 
however, the data presented indicate that hydroperiod plays an important role in 
governing nutrient transformations. 
Differences in the relative contributions of end-member water sources to 
floodplain environments also appear to exert a critical control over nutrient 
cycling. In the upper floodplain in particular, the extent of nutrient cycling and 
biogeochemical reaction increased with correlated increases in the relative 
contribution of groundwater to the floodplain (Figs. 19 and 20). Increases in the 
fraction of groundwater present resulted in the floodplain acting as a sink for 
DON, DOC and P043~(Figs. 19 and 20). The interaction between surface and 
ground water has been demonstrated previously to play an important role in 
biogeochemical processes and nutrient retention (e.g., Dahm et al. 1998, Hedin 
etal. 1998). 
Groundwater may contain chemical species that can supply electron 
donors and acceptors, as well as a source of limiting nutrients that may increase 
nutrient cycling by relieving floodplain waters of potential nutrient limitation 
(Dahm et al. 1998). Typically high concentrations of DOC in groundwaters 
relative to surface waters can also contribute a significant source of DOC in 
floodplain environments (Tockner et al. 1999, Valett et al. 2005, Kobayashi et al. 
2009, Junk and Wantzen 2004). Shallow groundwater paths, such as the ones 
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found at the BDC watershed, are commonly enriched in DOC as their flowpaths 
intersect the soil organic layer (Hinton et al. 1998). High concentrations of DOC 
and P043" in groundwaters relative to those in creek waters and the Lamprey 
River likely contributed a source of previously limiting nutrients, which increased 
nutrient cycling and biological uptake. 
Impacts of seasonality of flooding on nutrient dynamics 
The tendency for the floodplain to act as a source or sink of nutrients 
appears to be closely related to temperature differences associated with 
seasonality. Temperature differences associated with seasonality are expected 
to impact nutrient cycling by either increasing or decreasing rates of organic 
material degradation. Degradation of organic carbon (e.g., leaf litter) is expected 
to have been significantly slower during flooding in March/April 2009, relative to 
that predicted in May and July 2009, because colder temperatures effectively 
decrease rates of organic matter decomposition (e.g., Meentemeyer 1978). A 
lower rate of decomposition may have limited the stock of accumulated DOC and 
other nutrients that could be mobilized into the water column during inundation. 
As a consequence, the floodplain did not act as a source of DOC to overlying 
flood waters in March/April 2009, but instead as a sink. As discussed previously, 
possible removal of large fractions of biomass from the BDC and adjacent 
floodplain during previous flooding events (i.e., November 2008 and January 
2009; Fig. 3) may have also reduced the reservoir of accumulated organic 
material. 
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Biotic controls on nutrient dynamics during flooding at BDC. 
Nutrient uptake in the floodplain at BDC appears to be dominated by 
heterotrophic assimilation. Measured concentrations of DOC were frequently 
lower than those calculated for conservative mixing of waters on the floodplain, 
suggesting substantial DOC uptake. Heterotrophic activity is likely responsible for 
DOC uptake because autotrophs can assimilate carbon from inorganic sources 
(e.g., C02) via photosynthesis, which would not affect the organic carbon budget. 
High (~ 8 to 12 mg 0 2 L"1), but decreasing, concentrations of dissolved oxygen 
measured during flooding events (Fig. 5) suggest that DOC may have been 
removed by heterotrophs through aerobic respiration. The largest declines in 
dissolved oxygen occurred in the upper floodplain and coincided with the largest 
differences between measured and calculated concentrations of DOC (Figs. 5 
and 14). Significant heterotrophic activity at the BDC may reflect that this is a 
forested headwater stream where autotrophic activity is commonly limited by light 
(Van note 1980). 
Uptake of N03" was largely absent during all flooding events, and occurred 
only after several days of inundation during the March/April 2009 flood. Uptake of 
N03" was likely also a result of heterotrophic uptake. These results are contrary 
to many previous floodplain studies, which suggest that floodplains are typically 
large sinks for N03" owing to high rates of denitrification and/or biological uptake 
(Tockner et al 1999; Forshay and Stanley 2005; Valett et al. 2005, Clement et al. 
2003). The absence of N03" removal in the BDC and adjacent floodplain may be 
a consequence of the following factors. First, the presence of continually oxic 
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waters and, therefore, an absence of reducing conditions may have prohibited 
N03" removal via denitrification. Additionally, seasonal denitrification assays 
conducted in BDC under non-limiting conditions show low levels of potential 
sediment denitrification (Dunlap 2010) suggesting that anoxia, DOC and N03~are 
not the only factors limiting denitrification at BDC. It should be noted that the July 
flood was the only time when the floodplain acted as a source of N03" to surface 
waters. This is unlikely to be the result of nitrification as significant nitrification 
should be accompanied by a strong correlation between N03" addition and NH4+ 
removal, which was not observed. Rather, the accumulation may be attributed to 
factors associated with seasonality and flood frequency as discussed previously. 
On the predicted basis of significant heterotrophic activity in the BDC from 
high levels of DOC uptake, it is inferred that NH4+ may also be assimilated by 
heterotrophic communities. The tendency for the floodplain to act as a sink for 
NH4+ more frequently than as compared to N03" is not unexpected because NH4+ 
is the most labile form of N and is rapidly assimilated (Webster et al. 2003). 
Nitrification does not appear to contribute to NH4+ removal because there is no 
complementary increase in N03" expected from nitrification and correlations 
between the concentration differences of N03" and NH4+ are weak. 
Throughout all three floods the creek and floodplain both acted primarily 
as a sink for DON, although some sites along the BDC suggest a local source 
from accumulated soil DON (Fig. 14). Strong positive correlations between DON 
and DOC uptake indicate that DON may have been assimilated by heterotrophs 
(Fig. 15 and 17). The lack of corresponding increases in NH4+ or N03"with 
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decreases in DON suggests that mineralization/ammonification was not a 
significant removal pathway. While most of the focus on N removal is centered 
on inorganic forms of N, large amounts of DON may also be bio-available and 
contribute to eutrophication in surface waters (Seitzinger & Sanders, 1997). At 
BDC, groundwater DON comprises up to 90% of TDN while creek DON 
comprises up to 50% of TDN (Table 1) and strong positive correlations between 
DON uptake and TDN uptake (Figs. 16-18) suggest that DON is a large and 
significant part of the TDN pool. 
Significant positive correlations between uptake of DOC and P043" in both 
the March/April and July floods suggest that heterotrophs are controlling P 
uptake and cycling (Fig. 16 and 18). Uptake of P043" is not surprising as it is 
inferred to be the limiting nutrient during most floods as indicated by C:P and N;P 
ratios higher than the Redfield Ratio (Fig. 16 and 18). Some P043" uptake may 
result from sorption of P043"to charged clay and organic particles if 
sedimentation rates of clays and organic matter on the floodplain are high, but 
this process is likely minor relative to active biological processing. 
Limiting nutrients and implications for floodplain nutrient dynamics. 
Molar uptake ratios of C:N:P differed slightly between the flooding events 
studied but the general patterns are similar overall, suggesting that timing (e.g., 
season) and duration of flooding did not affect the relative behavior of limiting 
and non-limiting nutrients. During all flooding events, molar uptake C:N and C:P 
ratios in creek and floodplain waters (Figs. 16-18) were greater than the 
canonical Redfield Ratio (C:N:P ratio = 106:16:1) indicating that organic carbon 
was not the limiting species for heterotrophic productivity at any time. The 
absence of organic carbon limiting heterotrophic activity, despite high levels of 
DOC uptake in most floods (Fig. 14), may reflect contributions of external DOC-
rich, but N- and P-poor groundwaters, to flooding. Molar uptake ratios of N:P in 
the March/April and July 2009 floods are close to, and significantly greater than, 
the Redfield N:P ratio, respectively. During the March/April 2009 flooding event, 
the N:P ratio similar to that of the Redfield Ratio suggests that neither N nor P 
were limiting to biological activity, or that both were limiting. In July 2009, the N:P 
ratio indicates P limitation. Phosphate limitation during flooding in July in 
particular may reflect that P043" concentrations in groundwaters contributing to 
flooding were lower in July and that the fraction of Lamprey River water with very 
low P043" concentrations contributing to flooding were higher in July relative to 
earlier floods (Table 1, Fig. 9). 
While flooding does not appear to impact the ultimate limiting nutrient in 
BDC it does seem to exert some control over C:N:P ratios. These patterns in 
uptake ratios suggest that if P or N concentration in the groundwater increase, 
flooding events which are the result of large groundwater inputs could potentially 
result in temporary increases in heterotrophic activity. As N:P uptake ratios at 
BDC were close to the Redfield ratios, any increase in N or P inputs could 
potentially result in changes in the limiting nutrient. Increased P concentration 
could alleviate P limitation resulting in increased removal of N and/or increased 
N2 fixation from the atmosphere to compensate for its removal. N03" addition 
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studies conducted during baseflow in BDC (Dunlap 2010) suggest that NO3" 
removal was limited by C availability. This difference in limiting nutrients between 
the two studies suggests that C limitation may be alleviated during periods of 
flooding due to the high inputs of DOC rich groundwater. 
Summary and Conclusions 
This study focuses on nutrient dynamics and cycling within a forested 
headwater stream, the Burley-Demeritt creek (BDC), which is a tributary of the 
Lamprey River in Lee, New Hampshire and which is subject to periodic flooding. 
The results of this research demonstrate that there is no singular biogeochemical 
response to flooding and that the capacity for floodplains to act as a source 
and/or sink for nutrients is controlled by hydrology (e.g. hydroperiod, frequency, 
and areal extent of flooding), seasonality, biogeochemical cycling and nutrient 
limitation (e.g., N versus P limitation). 
Accumulation of organic C-, N- and P-bearing material on floodplain 
surfaces and the tendency of a floodplain to act as a source of nutrients to flood 
waters appears to be influenced by the frequency of inundation as well as the 
timing/seasonality of flooding. The factors impact the overall magnitude of 
organic matter accumulation and relative rates of organic matter decomposition. 
Within the study area, flooding in summer (July 2009) after an extended period of 
dry floodplain conditions resulted in mobilization of greater amounts of organic 
matter accumulated over time on the floodplain surface (e.g., acted as a source 
of DOC and N03"). During more frequent winter and spring flooding, the stock of 
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accumulated organic matter was likely lower at any time prior to flooding and, 
coupled with lower rates of winter organic matter degradation, resulted in a lower 
stock of organic and inorganic nutrients. Indeed, the data suggest that the BDC 
and adjacent floodplain was a sink for most nutrients during flooding in spring 
(March/April 2009). 
Uptake of nutrient species was frequently correlated with DOC uptake and 
uptake increased with increasing hydroperiod, areal extent of flooding and 
presence of groundwater. The most significant nutrient uptake was recorded 
during the largest and most prolonged flooding event studied in March/April 
2009. Assimilation of nutrients appears to have occurred primarily through 
heterotrophic uptake. Organic nutrients (e.g., DOC, DON) made up a significant 
fraction of those nutrients removed, likely owing to large inputs of DOC-rich 
groundwater during this flooding event, which stimulated heterotrophic activity 
No permanent removal of nutrients was recorded over the course of this 
study. However, there appears to be at least temporary nutrient storage in 
surface waters which may delay nutrient loading downstream. Increases in 
nutrient loading to the creek and groundwater may alleviate possible nutrient 
limitation and lead to increased autotrophic and heterotrophic uptake and 
coinciding oxygen depletion. Additionally, changes to the natural flooding regime 
(e.g. damns) which result in less frequent flooding may result in increases in the 
floodplains tendency to act as a large nutrient source due to less frequent 
mobilization of organic matter. 
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The prevalence of these types of small floodplains in NH is unknown. 
However, based on the wide distribution of rivers in NH it can be expected that 
they are numerous. Despite the fact that only temporary nutrient storage was 
observed at BDC, this does not rule out permanent removal at other floodplain 
sites. Future studies of floodplains at BDC and other NH locations should include 
sampling of an autumn flood event and, ideally, long-term (i.e., multiple year) 
sampling so that the impacts of seasonality can be more accurately assessed. 
Monitoring of shallow groundwater pathways should also be increased spatially 
so that patterns in nutrient cycling at the interface between surface and 
groundwaters can be better understood. 
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APPENDIX A 
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Figure A1. End member mixing diagram for March/April flooding events. Points 
represent mean concentration at a location over the duration of flooding. Error 
bars represent one standard deviation from mean. 
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Figure A2. End member mixing diagram for May flooding events. Points 
represent mean concentration at a location over the duration of flooding. Error 
bars represent one standard deviation from mean. 
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Figure A3. End member mixing diagram for July flooding events. Points 
represent mean concentration at a location over the duration of flooding. Error 
bars represent one standard deviation from mean 
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APPENDIX A 
Fraction of source waters in creek and floodplain sites 
3Q9r09 40«I9 
1C0%-




- % -3Tcrey 
- % Creel! 
-SOT 
-ifMJ-
D 25 SO 75 1® 126 







A—- - >V 
• -nff.. 
25 SO 75 100 125 150 
Meters upstream of Lamprey Rher 
3/30/09 mm 
0 25 £0 75 1D0 125 
Meters upstream of Lamprey River 
25 50 75 100 125 150 
Meters upstream of Lamprey River 
3/3 im 
1D0%-






0% £ -IS"-" 
.-•A--
- % Lamprey 
N C7e«t 
- % GW 
2S 53 75 100 125 













—«— % Lar^ney 
*— % Qeek 
J \ 
• * A 
* * /> 
\ \ 
—<k— % GW 
0 25 50 75 IM 12S 150 175 200 225 
Meters upstream of Lamprey River 
Figure B1. Fraction of source waters present in creek sites in March/April 2009. 
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BDC-100 3/29/09 6.39 0.87 0.29 6.54 0.57 22.70 4.52 
BDC-105 3/29/09 6.38 0.88 0.29 6.92 0.58 20.06 4.97 
BDC-120 3/29/09 6.32 0.86 0.29 15.96 0.56 18.75 4.58 
BDC-15 3/29/09 4.96 0.92 0.34 16.47 0.56 17.62 5.60 
BDC-3 3/29/09 5.14 0.90 0.32 20.29 0.56 15.62 5.45 
BDC-30 3/29/09 6.13 0.79 0.29 Mil 0.48 19.31 4.80 
BDC-45 3/29/09 5.43 0.67 0.26 17.64 0.39 115.73 4.84 
BDC-75 3/29/09 6.10 0.79 0.28 23.70 0.49 89.84 5.13 
BDC-FP-100 3/29/09 6.32 0.81 0.28 9.87 0.52 19.02 4.50 
BDC-FP-105 3/29/09 6.23 0.78 0.27 9.58 0.50 18.57 5.13 
BDC-FP-110 3/29/09 4.50 0.57 0.22 12.64 0.33 57.78 6.99 
BDC-FP-30 3/29/09 5.48 0.77 0.22 16.35 0.54 18.01 5.22 
BDC-FP-45 3/29/09 4.81 0.71 0.20 25.62 0.48 72.01 5.19 
BDC-FP-60 3/29/09 4.66 0.64 0.21 10.90 0.42 12.98 5.47 
BDC-FP-75 3/29/09 6.01 0.75 0.27 6.42 0.48 18.13 5.21 
BDC-FP-90 3/29/09 4.43 0.49 0.18 18.87 0.29 11.88 7.13 
BDLamp 3/29/09 3.00 0.24 0.13 6.02 0.11 3.70 5.91 
BDC-100 3/30/09 4.94 1.11 0.43 9.98 0.68 19.53 
BDC-105 3/30/09 5.06 1.17 0.48 9.71 0.68 244.41 
BDC-110 3/30/09 4.98 1.14 0.45 9.07 0.68 19.07 5.57 
BDC-120 3/30/09 5.00 1.08 0.43 9.21 0.64 23.68 5.59 
BDC-15 3/30/09 4.72 0.94 0.38 13.67 0.54 16.52 5.35 
BDC-3 3/30/09 4.97 1.00 0.42 15.86 0.57 20.85 5.68 
BDC-30 3/30/09 5.15 1.06 0.45 10.50 0.60 221.27 5.59 
BDC-45 3/30/09 4.91 1.00 0.39 20.90 0.59 14.41 5.55 
BDC-60 3/30/09 4.89 1.06 0.43 17.77 0.61 20.10 5.54 
BDC-75 3/30/09 4.88 1.11 0.44 13.42 0.66 18.66 5.60 
BDC-90 3/30/09 4.80 1.12 0.44 13.45 0.66 18.40 5.50 
BDC-FP-100 3/30/09 4.42 1.31 0.08 17.21 1.21 14.82 
BDC-FP-105 3/30/09 4.17 0.80 0.36 11.60 0.43 16.02 6.36 
BDC-FP-110 3/30/09 4.82 1.04 0.44 10.05 0.59 16.89 


















BDC-FP-45 3/30/09 4.04 0.74 0.36 21.51 0.36 13.78 
BDC-FP-60 3/30/09 4.68 0.90 0.38 11.50 0.51 17.08 
BDC-FP-75 3/30/09 4.67 0.83 0.35 19.43 0.45 13.58 
BDC-FP-90 3/30/09 2.36 0.36 0.20 13.47 0.14 7.28 
BDC-FPWet-
105 
3/30/09 1.45 0.21 0.16 0 0.06 1.65 
BDC-Lamp 3/30/09 2.97 0.30 0.20 0 0.10 0.12 5.80 
BDC-100 3/31/09 4.81 1.11 0.71 21.84 6.31 
BDC-105 3/31/09 4.93 1.05 0.69 23.15 6.09 
BDC-120 3/31/09 5.13 1.15 0.73 23.72 6.16 
BDC-15 3/31/09 5.12 1.07 0.46 16.39 0.59 21.47 6.13 
BDC-185 3/31/09 3.24 0.58 -0.20 15.30 0.76 27.03 6.26 
BDC-3 3/31/09 5.06 0.77 0.35 7.33 0.42 13.39 5.52 
BDC-30 3/31/09 5.10 1.07 0.42 25.70 0.63 19.60 5.59 
BDC-45 3/31/09 4.92 1.10 0.44 12.85 0.65 20.16 6.05 
BDC-75 3/31/09 4.94 1.14 0.47 16.31 0.65 21.47 6.24 
BDC-90 3/31/09 4.75 1.07 0.42 13.42 0.64 16.72 6.44 
BDC-FP-100 3/31/09 4.81 0.97 0.34 12.58 0.62 19.54 6.36 
BDC-FP-105 3/31/09 4.76 1.00 0.38 8.60 0.61 18.01 6.78 
BDC-FP-110 3/31/09 3.85 0.51 0.30 1.51 0.21 16.03 9.46 
BDC-FP-120 3/31/09 3.87 0.61 0.26 2.12 0.35 11.34 8.36 
BDC-FP-15 3/31/09 5.33 0.87 0.34 16.10 0.52 16.93 5.28 
BDC-FP-30 3/31/09 5.47 0.79 0.37 11.78 0.41 13.65 5.80 
BDC-FP-45 3/31/09 5.28 0.86 0.36 12.01 0.48 15.47 5.99 
BDC-FP-60 3/31/09 5.15 0.80 0.36 9.69 0.43 22.16 6.81 
BDC-FP-75 3/31/09 5.02 0.91 0.36 16.86 0.53 18.31 6.44 
BDC-FP-90 3/31/09 3.64 0.61 0.10 16.00 0.50 16.49 
BDC-FPWet-
105 
3/31/09 2.88 0.52 0.28 7.99 8.18 
BDC-FPWet-
105B 
3/31/09 4.64 1.13 0.71 19.97 6.27 
BDC-Lamp 3/31/09 3.28 0.29 0.23 2.78 0.06 2.37 5.85 
BDC-100 4/1/09 4.16 0.99 0.39 15.78 0.59 20.16 6.50 
BDC-105 4/1/09 4.00 0.95 0.20 15.26 0.73 20.72 6.10 
BDC-110 4/1/09 4.13 1.04 0.39 20.15 0.63 21.09 6.16 
BDC-120 4/1/09 4.51 1.07 0.36 17.44 0.69 28.02 6.08 
BDC-15 4/1/09 3.75 0.54 0.31 10.65 0.22 7.43 5.52 
BDC-185 4/1/09 4.47 1.22 0.42 17.60 0.78 26.71 6.02 
BDC-3 4/1/09 3.83 0.44 0.22 5.26 0.22 5.56 6.02 


















BDC-45 4/1/09 4.39 1.05 0.38 19.93 0.65 22.22 6.10 
BDC-60 4/1/09 4.49 0.91 0.32 19.58 0.58 22.78 6.10 
BDC-75 4/1/09 4.29 0.87 0.18 12.58 0.68 22.97 
BDC-90 4/1/09 4.26 1.06 0.36 14.10 0.68 22.97 6.28 
BDC-FP-105 4/1/09 2.24 0.42 0.20 12.05 0.21 5.93 
BDC-FP-110 4/1/09 2.32 0.37 0.21 6.13 0.15 15.48 
BDC-FP-120 4/1/09 2.92 0.53 0.25 6.61 0.27 9.30 
BDC-FP-120 4/1/09 4.08 0.94 0.31 12.20 0.63 21.09 
BDC-FP-30 4/1/09 4.21 0.65 0.31 7.43 0.33 13.79 
BDC-FP-45 4/1/09 4.76 0.70 0.32 7.93 0.38 13.04 
BDC-FP-60 4/1/09 4.42 0.89 0.36 16.18 0.51 20.91 
BDC-FP-75 4/1/09 4.31 0.90 0.36 8.52 0.54 16.04 
BDC-FP-90 4/1/09 3.66 0.66 0.17 13.41 0.48 91.11 
BDC-Lamp 4/1/09 3.40 0.29 0.24 4.74 0.04 0.31 5.46 
BDC-Lamp 4/1/09 3.23 0.20 0.12 2.61 0.08 2.45 
BDC-100 4/2/09 5.12 0.88 0.15 12.75 0.71 23.67 5.72 
BDC-105 4/2/09 4.97 0.83 0.25 24.06 0.56 91.17 5.69 
BDC-110 4/2/09 5.66 0.97 0.20 14.24 0.76 31.21 5.62 
BDC-120 4/2/09 4.20 0.60 0.11 13.47 0.48 86.80 5.60 
BDC-15 4/2/09 3.79 0.47 0.14 2.93 0.33 9.88 5.87 
BDC-185 4/2/09 5.38 0.95 0.19 12.64 0.74 31.49 5.58 
BDC-3 4/2/09 3.61 0.44 0.12 3.77 0.32 7.87 6.83 
BDC-30 4/2/09 5.05 0.92 0.21 17.01 0.70 20.21 5.83 
BDC-45 4/2/09 5.35 0.88 0.16 10.10 0.71 21.14 5.91 
BDC-60 4/2/09 4.19 0.65 0.20 18.96 0.43 87.07 5.93 
BDC-75 4/2/09 4.66 0.78 0.18 17.71 0.58 96.99 6.09 
BDC-90 4/2/09 4.07 0.60 0.19 9.99 0.41 81.16 5.96 
BDC-FP-100 4/2/09 5.03 0.86 0.19 18.54 0.65 23.52 
BDC-FP-105 4/2/09 5.11 0.86 0.18 21.90 0.66 20.79 
BDC-FP-110 4/2/09 4.79 0.76 0.16 32.26 0.57 24.03 
BDC-FP-30 4/2/09 4.42 0.72 0.16 11.56 0.56 16.21 
BDC-FP-45 4/2/09 4.59 0.74 0.15 7.59 0.58 14.61 
BDC-FP-60 4/2/09 4.58 0.70 0.15 5.30 0.55 15.92 
BDC-FP-75 4/2/09 4.95 0.84 0.16 9.72 0.67 19.66 
BDC-FP-90 4/2/09 4.84 0.82 0.18 19.03 0.62 18.39 
BDC-
FPWET-105 
4/2/09 3.68 0.56 0.04 20.06 0.50 14.02 
BDC-Lamp 4/2/09 3.20 0.18 0.02 3.11 0.15 2.01 6.04 
BDC-100 4/3/09 4.79 0.82 0.22 15.51 0.59 28.40 5.89 


















BDC-110 4/3/09 4.99 0.83 0.18 16.74 0.63 29.33 6.09 
BDC-120 4/3/09 4.13 0.55 0.02 16.72 0.52 94.11 5.94 
BDC-15 4/3/09 4.74 0.77 0.18 7.17 0.58 22.41 6.68 
BDC-150 4/3/09 4.94 0.84 0.21 12.95 0.61 30.64 5.83 
BDC-3 4/3/09 4.74 0.75 0.18 16.15 0.56 20.84 6.17 
BDC-30 4/3/09 5.01 0.79 0.20 10.83 0.58 22.41 5.88 
BDC-45 4/3/09 5.04 0.82 0.19 10.57 0.62 26.52 5.97 
BDC-60 4/3/09 4.67 0.74 0.13 14.34 0.60 74.82 6.30 
BDC-75 4/3/09 4.43 0.60 0.16 11.38 0.42 18.85 6.22 
BDC-90 4/3/09 4.94 0.79 0.22 16.44 0.56 27.46 6.05 
BDC-FP-100 4/3/09 5.10 0.72 0.20 22.74 0.50 24.09 
BDC-FP-105 4/3/09 4.45 0.60 0.18 34.09 0.39 65.46 
BDC-FP-30 4/3/09 4.56 0.71 0.13 8.44 0.57 19.60 
BDC-FP-45 4/3/09 5.04 0.75 0.18 8.20 0.57 22.03 
BDC-FP-60 4/3/09 4.98 0.76 0.19 6.95 0.56 18.47 
BDC-FP-75 4/3/09 4.75 0.79 0.17 18.30 0.60 29.52 
BDC-FP-90 4/3/09 3.67 0.54 0.23 18.94 0.29 42.81 
BDC-
FPWET-105 
4/3/09 2.86 0.27 0.16 35.05 0.08 27.65 
BDC-Lamp 4/3/09 3.43 0.20 0.12 2.54 0.09 5.56 6.01 
BDC-100 4/7/09 6.31 0.97 0.46 68.11 0.44 182.18 5.33 
BDC-105 4/7/09 6.15 0.99 0.47 47.99 0.47 43.81 4.92 
BDC-110 4/7/09 6.21 1.01 0.50 49.54 0.46 41.55 5.27 
BDC-120 4/7/09 6.23 0.95 0.40 54.57 0.50 44.35 5.34 
BDC-15 4/7/09 4.99 0.59 0.20 28.96 5.01 
BDC-150 4/7/09 6.08 0.99 0.43 57.74 0.50 5.12 
BDC-205 4/7/09 6.45 1.00 0.47 54.75 0.47 45.08 5.05 
BDC-3 4/7/09 6.14 0.68 0.39 71.86 0.22 31.80 5.09 
BDC-30 4/7/09 5.40 0.69 0.36 75.26 0.25 34.79 4.85 
BDC-45 4/7/09 5.60 0.78 0.39 95.36 0.29 46.52 4.88 
BDC-60 4/7/09 7.23 1.12 0.51 148.89 0.47 70.69 4.79 
BDC-75 4/7/09 6.58 0.97 0.46 86.12 0.42 46.24 5.60 
BDC-90 4/7/09 6.11 0.89 0.39 95.90 0.41 41.29 5.95 
BDC-FP-100 4/7/09 6.62 0.96 0.47 86.24 0.41 43.72 
BDC-FP-105 4/7/09 6.80 0.90 0.45 67.30 0.38 44.58 
BDC-FP-110 4/7/09 5.52 0.68 0.28 72.16 0.33 33.95 
BDC-FP-120 4/7/09 4.57 0.47 0.21 25.85 0.24 22.52 
BDC-FP-150 4/7/09 4.87 0.36 0.26 14.17 0.09 11.32 
BDC-FP-30 4/7/09 5.98 0.77 0.27 40.86 


















BDC-FP-60 4/7/09 6.32 0.85 0.43 90.93 0.34 43.01 
BDC-FP-75 4/7/09 6.75 0.97 0.47 96.36 0.40 50.85 
BDC-FP-90 4/7/09 6.69 0.99 0.42 92.83 0.47 49.08 
BDC-
FPWET-100 
4/7/09 3.59 0.25 0.15 56.46 0.04 10.00 
BDC-
FPWET-105 
4/7/09 2.47 0.35 0.19 26.84 0.14 14.98 
BDC-
FPWET-110 
4/7/09 5.75 0.87 0.41 62.10 0.40 37.48 
BDC-Lamp 4/7/09 3.74 0.32 0.23 9.04 0.08 1.42 5.06 
BDC-100 4/9/09 4.85 0.83 0.17 19.02 0.64 29.85 6.01 
BDC-105 4/9/09 5.00 0.90 0.18 13.29 0.70 30.03 6.02 
BDC-110 4/9/09 4.98 0.91 0.17 8.84 0.73 28.53 5.83 
BDC-120 4/9/09 4.95 0.90 0.17 12.03 0.72 26.84 5.72 
BDC-15 4/9/09 3.99 0.30 0.14 1.24 0.16 7.70 5.27 
BDC-205 4/9/09 4.83 0.96 0.17 14.89 0.77 32.29 6.65 
BDC-3 4/9/09 4.46 0.38 0.20 6.12 0.18 7.89 5.31 
BDC-30 4/9/09 4.11 0.31 0.15 10.99 0.16 7.51 5.33 
BDC-45 4/9/09 4.54 0.38 0.19 14.01 0.18 7.89 5.23 
BDC-60 4/9/09 4.59 0.42 0.18 12.82 0.22 67.19 5.16 
BDC-75 4/9/09 5.29 0.55 0.25 21.06 0.28 19.43 5.47 
BDC-90 4/9/09 5.16 0.67 0.20 24.76 0.44 23.65 6.75 
BDC-FP-100 4/9/09 4.98 0.75 0.18 13.16 0.56 25.06 
BDC-FP-105 4/9/09 5.44 0.71 0.22 14.02 0.48 23.65 
BDC-FP-110 4/9/09 4.41 0.49 0.18 4.93 0.31 14.46 
BDC-FP-120 4/9/09 4.47 0.50 0.10 3.59 0.39 15.58 
BDC-FP-30 4/9/09 4.12 0.32 0.16 14.41 0.15 6.58 
BDC-FP-45 4/9/09 4.65 0.34 0.17 5.14 0.16 8.45 
BDC-FP-60 4/9/09 4.70 0.35 0.17 5.04 0.18 12.21 
BDC-FP-75 4/9/09 4.88 0.45 0.18 10.62 0.26 14.27 
BDC-FP-90 4/9/09 5.01 0.73 0.19 9.95 0.52 23.28 
BDC-
FPWET-105 
4/9/09 4.57 0.68 0.17 13.87 0.50 22.15 
BDC-Lamp 4/9/09 3.60 0.19 0.11 25.31 0.06 2.63 5.07 
BDC-100 4/10/09 4.69 0.81 0.16 21.87 0.63 32.91 5.65 
BDC-105 4/10/09 4.95 0.84 0.10 19.37 0.72 33.48 5.61 
BDC-110 4/10/09 4.62 0.88 0.14 16.91 0.72 32.91 5.62 
BDC-120 4/10/09 4.65 0.84 0.14 14.13 0.69 34.23 6.22 
BDC-15 4/10/09 4.38 0.38 0.16 18.87 0.20 8.98 5.67 
BDC-150 4/10/09 4.78 0.85 0.09 20.27 0.74 34.90 5.35 


















BDC-30 4/10/09 4.35 0.42 0.12 13.94 0.28 10.30 6.04 
BDC-45 4/10/09 4.85 0.52 0.13 15.58 0.37 20.85 5.78 
BDC-60 4/10/09 5.57 0.54 0.17 7.77 0.37 15.39 5.96 
BDC-75 4/10/09 4.34 0.69 0.14 14.49 0.54 29.90 5.56 
BDC-90 4/10/09 4.51 0.77 0.10 21.56 0.65 30.09 5.92 
BDC-FP-100 4/10/09 4.60 0.71 0.14 15.21 0.55 27.45 
BDC-FP-105 4/10/09 4.85 0.73 0.15 21.74 0.56 28.77 
BDC-FP-30 4/10/09 4.93 0.47 0.11 16.59 0.35 11.05 
BDC-FP-45 4/10/09 4.96 0.68 0.09 25.50 0.56 25.75 
BDC-FP-60 4/10/09 4.96 0.55 0.18 17.01 0.35 14.55 
BDC-FP-75 4/10/09 4.42 0.43 0.14 22.96 0.26 16.89 
BDC-FP-90 4/10/09 4.30 0.60 0.10 12.74 0.49 22.17 
BDC-FP-90B 4/10/09 4.19 0.61 0.13 18.17 0.46 25.56 
BDC-Lamp 4/10/09 3.35 0.19 0.11 6.54 0.08 0.31 5.35 
BDC-105 5/8/09 10.36 0.76 0.32 91.16 0.34 117.55 
BDC-15 5/8/09 5.40 0.28 0.15 16.52 0.11 9.45 4.04 
BDC-3 5/8/09 5.53 0.29 0.19 10.24 0.09 8.75 3.92 
BDC-30 5/8/09 5.80 0.30 0.19 12.39 0.09 11.29 
BDC-45 5/8/09 7.79 0.48 0.27 25.52 0.19 50.26 
BDC-60 5/8/09 9.83 0.69 0.37 37.99 0.28 95.94 5.60 
BDC-75 5/8/09 10.75 0.77 0.43 36.44 0.31 109.36 
BDC-90 5/8/09 10.38 0.78 0.37 37.54 0.37 111.14 
BDC-FP-30 5/8/09 5.81 0.29 0.19 9.78 0.10 14.75 4.27 
BDC-FP-45 5/8/09 15.34 0.09 
BDC-FP-60 5/8/09 5.77 0.31 0.20 13.86 0.10 17.55 
BDC-FP-75 5/8/09 10.39 0.73 0.38 66.50 0.28 100.45 
BDC-FP-90 5/8/09 10.08 0.70 0.37 37.76 0.29 104.85 
BDC-Lamp 5/8/09 5.27 0.25 0.17 11.11 0.07 1.81 
BDC-105 5/8/09 9.68 0.90 0.49 23.74 0.39 115.48 5.76 
BDC-15 5/10/09 5.46 0.30 0.25 2.30 0.05 8.81 
BDC-3 5/10/09 5.47 0.34 0.27 10.74 0.06 8.30 
BDC-30 5/10/09 5.56 0.31 0.24 1.23 0.06 14.41 4.12 
BDC-45 5/10/09 9.87 0.90 0.58 26.30 0.30 108.34 6.10 
BDC-60 5/10/09 9.86 0.89 0.53 24.63 0.33 112.55 6.06 
BDC-75 5/10/09 9.66 0.87 0.52 30.41 0.33 111.46 5.86 
BDC-90 5/10/09 9.93 0.90 0.50 22.66 0.38 117.88 5.90 
BDC-FP-30 5/10/09 5.52 0.29 0.24 5.11 0.05 10.14 
BDC-FP-45 5/10/09 7.42 0.62 0.33 28.82 0.26 138.69 


















BDC-Lamp 5/10/09 4.97 0.25 0.21 0.86 0.05 4.01 4.07 
BDC-105 5/11/09 8.61 0.88 0.33 16.31 0.54 102.51 
BDC-15 5/11/09 5.02 0.27 0.23 3.65 0.04 6.29 
BDC-3 5/11/09 5.15 0.26 0.17 11.08 0.07 5.69 
BDC-30 5/11/09 4.93 0.25 0.20 0.36 0.05 5.12 
BDC-45 5/11/09 5.54 0.31 0.20 9.77 0.10 17.11 
BDC-60 5/11/09 8.54 0.84 0.30 27.49 0.51 89.45 
BDC-75 5/11/09 8.42 0.84 0.27 30.90 0.54 97.97 
BDC-90 5/11/09 7.49 0.79 0.27 28.00 0.49 134.74 
BDC-FP-30 5/11/09 5.15 0.24 0.19 5.19 0.04 6.56 
BDC-FP-45 5/11/09 5.92 0.35 0.20 18.23 0.13 21.34 
BDC-FP-60 5/11/09 7.74 0.74 0.27 28.43 0.45 86.06 
BDC-Lamp 5/11/09 5.32 0.26 0.21 5.65 0.04 6.04 
BDC-105 5/12/09 8.66 0.93 0.32 24.03 0.59 106.77 
BDC-15 5/12/09 5.10 0.26 0.20 7.12 0.05 5.21 
BDC-3 5/12/09 4.82 0.26 0.19 16.37 0.06 5.57 
BDC-30 5/12/09 4.68 0.33 0.21 23.51 0.10 69.86 
BDC-45 5/12/09 8.10 0.88 0.32 35.52 0.53 98.33 
BDC-60 5/12/09 8.26 0.88 0.32 36.04 0.52 100.35 
BDC-75 5/12/09 8.31 0.89 0.30 38.46 0.55 102.54 
BDC-90 5/12/09 8.28 0.92 0.31 31.98 0.58 102.62 
BDC-FP-45 5/12/09 6.20 0.41 0.23 24.14 0.15 33.46 
BDC-Lamp 5/12/09 4.69 0.24 0.18 7.42 0.05 5.21 
BDC-105 5/13/09 7.94 1.04 0.28 22.59 0.73 96.45 6.01 
BDC-15 5/13/09 4.94 0.32 0.18 13.02 0.12 8.16 4.28 
BDC-3 5/13/09 4.76 0.32 0.22 10.64 0.10 7.50 4.10 
BDC-30 5/13/09 7.68 1.00 0.28 43.53 0.67 88.84 6.32 
BDC-45 5/13/09 7.82 0.97 0.27 40.07 0.66 93.06 6.31 
BDC-60 5/13/09 7.71 1.00 0.28 36.11 0.68 95.17 6.28 
BDC-75 5/13/09 8.01 1.02 0.29 34.15 0.69 95.54 6.27 
BDC-90 5/13/09 7.84 0.97 0.23 33.36 0.70 97.58 6.52 
BDC-Lamp 5/13/09 4.59 0.27 0.21 5.34 0.06 0.38 3.60 
BDC-100 7/3/09 12.58 0.89 0.48 51.87 0.36 96.01 9.21 
BDC-105 7/3/09 12.65 0.91 0.51 56.55 0.35 97.71 9.43 
BDC-110 7/3/09 12.70 0.91 0.52 53.60 0.34 98.84 9.65 
BDC-120 7/3/09 12.63 0.91 0.51 50.29 0.35 94.88 9.62 
BDC-15 7/3/09 7.62 0.40 0.25 28.47 0.12 11.20 6.58 
BDC-3 7/3/09 7.78 0.40 0.26 32.92 0.11 13.47 6.67 


















BDC-45 7/3/09 7.85 0.41 0.27 33.20 0.11 17.44 6.61 
BDC-60 7/3/09 7.79 0.41 0.26 40.51 0.11 15.74 6.57 
BDC-75 7/3/09 7.85 0.43 0.28 38.11 0.11 17.81 6.85 
BDC-90 7/3/09 12.61 0.87 0.49 49.39 0.33 96.39 9.40 
BDC-FP-100 7/3/09 11.71 0.75 0.48 41.08 0.22 78.26 10.16 
BDCFP-105E 7/3/09 3.12 0.22 0.13 10.16 0.07 18.19 12.25 
BDC-FP-
105W 
7/3/09 10.41 0.65 0.40 45.42 0.20 69.95 10.99 
BDC-FP-30 7/3/09 7.79 0.40 0.27 31.25 0.09 6.59 
BDC-FP-45 7/3/09 7.59 0.40 0.22 54.29 0.12 13.28 6.63 
BDC-FP-60 7/3/09 7.77 0.41 0.24 55.10 0.11 19.51 6.71 
BDC-FP-75 7/3/09 7.99 0.45 0.31 35.60 0.10 17.81 6.73 
BDC-FP-90 7/3/09 11.34 0.71 0.45 40.47 0.22 76.37 9.38 
BDC-
gwspring 
7/3/09 16.55 1.08 0.95 81.25 0.04 97.52 5.13 
BDC-Lamp 7/3/09 6.76 0.30 0.19 30.27 0.08 2.89 6.22 
BDC-100 7/4/09 9.17 0.74 0.56 53.84 0.12 27.04 7.06 
BDC-105 7/4/09 11.28 0.98 0.73 88.24 0.16 51.76 7.87 
BDC-110 7/4/09 12.89 1.25 0.78 79.94 0.39 106.91 9.72 
BDC-15 7/4/09 7.38 0.47 0.32 39.13 0.11 14.26 6.42 
BDC-165 7/4/09 12.19 1.28 0.80 72.92 0.41 115.07 9.73 
BDC-3 7/4/09 7.44 0.58 0.44 37.80 0.10 25.85 6.47 
BDC-30 7/4/09 7.60 0.54 0.41 30.16 0.10 13.50 6.29 
BDC-45 7/4/09 8.01 0.55 0.40 41.22 0.10 16.52 6.67 
BDC-60 7/4/09 8.22 0.57 0.43 39.60 0.10 17.27 6.53 
BDC-75 7/4/09 7.37 0.53 0.39 34.49 0.11 17.27 6.57 
BDC-90 7/4/09 8.03 0.60 0.45 50.50 0.10 18.78 
BDC-FP-100 7/4/09 11.59 1.00 0.75 105.53 0.15 53.52 7.86 
BDC-FP-
105E 
7/4/09 11.78 1.04 0.78 94.07 0.17 67.21 
BDC-FP-
105W 
7/4/09 12.84 1.09 0.79 102.23 0.20 70.04 8.52 
BDC-FP-
110E 
7/4/09 11.17 1.01 0.68 79.60 0.24 76.23 
BDC-FP-
110W 
7/4/09 10.36 0.72 0.56 17.60 0.14 47.99 11.52 
BDC-FP-30 7/4/09 8.41 0.57 0.42 44.15 0.10 16.71 6.46 
BDC-FP-45 7/4/09 8.35 0.58 0.43 41.04 0.10 19.16 6.47 
BDC-FP-60 7/4/09 8.39 0.63 0.49 44.93 0.10 19.60 6.70 
BDC-FP-75 7/4/09 8.48 0.63 0.48 41.29 0.11 21.67 6.65 




















7/4/09 16.52 1.36 1.27 39.04 0.05 89.76 5.36 
BDC-Lamp 7/4/09 6.82 0.42 0.33 13.20 0.08 2.58 6.11 
BDC-100 7/5/09 9.09 0.46 0.29 28.12 0.14 28.40 7.55 
BDC-105 7/5/09 11.12 0.95 0.45 49.58 0.46 95.42 10.51 
BDC-110 7/5/09 11.51 1.09 0.45 52.67 0.59 109.65 10.73 
BDC-15 7/5/09 7.57 0.33 0.22 14.45 0.10 8.74 6.36 
BDC-150 7/5/09 11.60 1.11 0.46 49.40 0.60 124.44 10.71 
BDC-3 7/5/09 8.15 0.40 0.29 21.78 0.09 10.89 6.34 
BDC-30 7/5/09 7.61 0.32 0.22 11.76 0.09 5.93 6.22 
BDC-45 7/5/09 7.67 0.33 0.24 15.70 0.08 7.05 6.36 
BDC-60 7/5/09 7.68 0.33 0.22 15.58 0.10 14.54 6.40 
BDC-75 7/5/09 7.68 0.34 0.23 16.69 0.09 8.55 6.42 
BDC-90 7/5/09 7.82 0.34 0.21 20.64 0.10 12.86 6.42 
BDC-FP-100 7/5/09 8.82 0.45 0.31 16.20 0.12 29.71 8.16 
BDCFP-105E 7/5/09 8.30 0.54 0.31 94.54 0.13 43.75 11.60 
BDC-FP-
105W 
7/5/09 11.07 0.84 0.47 40.56 0.33 77.07 10.58 
BDC-FP-
110E 
7/5/09 13.65 0.70 0.52 42.25 0.13 58.35 11.28 
BDC-FP-
110W 
7/5/09 13.02 0.64 0.46 25.41 0.15 61.53 12.26 
BDC-FP-30 7/5/09 8.89 0.36 0.26 20.11 0.07 13.61 6.73 
BDC-FP-45 7/5/09 7.83 0.33 0.24 14.64 0.08 9.68 6.52 
BDC-FP-60 7/5/09 7.72 0.33 0.18 18.30 0.13 8.55 6.46 
BDC-FP-75 7/5/09 7.79 0.34 0.24 23.09 0.08 13.79 6.42 
BDC-FP-90 7/5/09 3.46 0.42 0.31 24.36 0.09 15.29 6.78 
BDC-
gwspring 
7/5/09 16.72 1.01 0.92 49.36 0.04 96.17 6.06 
BDC-Lamp 7/5/09 7.18 0.29 0.23 7.69 0.05 2.19 5.88 
BDC-100 7/6/09 9.71 1.23 0.34 28.06 0.86 106.23 11.92 
BDC-15 7/6/09 6.87 0.30 0.22 11.35 0.08 3.95 6.23 
BDC-3 7/6/09 7.09 0.31 0.19 32.12 0.09 5.45 6.06 
BDC-30 7/6/09 7.18 0.31 0.22 16.25 0.07 4.14 6.13 
BDC-45 7/6/09 7.63 0.32 0.22 20.72 0.09 6.20 6.34 
BDC-60 7/6/09 7.66 0.40 0.25 30.66 0.12 21.40 6.40 
BDC-75 7/6/09 9.53 1.05 0.32 48.58 0.68 94.03 8.94 
BDC-90 7/6/09 9.57 1.23 0.36 28.54 0.84 108.10 11.48 
BDC-FP-30 7/6/09 7.77 0.33 0.22 25.58 0.08 6.39 6.47 
BDC-FP-60 7/6/09 13.84 0.44 0.37 16.37 0.05 15.58 7.73 
BDC-
gwspring 


































BDC-100 3/29/09 2.61 9.68 5.62 3.91 2.26 10.93 
BDC-105 3/29/09 2.61 9.70 5.37 3.81 2.18 10.48 
BDC-120 3/29/09 2.54 9.49 5.28 3.72 2.21 10.75 
BDC-15 3/29/09 2.67 8.10 4.76 3.30 2.02 10.19 
BDC-3 3/29/09 2.64 8.41 4.79 3.34 2.07 10.38 
BDC-30 3/29/09 2.41 8.59 5.15 3.50 2.17 10.41 
BDC-45 3/29/09 2.03 10.29 6.23 2.66 1.82 9.93 
BDC-75 3/29/09 2.44 11.68 6.96 3.49 2.15 10.38 
BDC-FP-
100 
3/29/09 2.49 9.22 5.36 3.71 2.25 10.84 
BDC-FP-
105 
3/29/09 2.41 8.74 4.92 3.31 2.04 9.91 
BDC-FP-
110 
3/29/09 2.17 9.67 6.19 2.26 1.63 7.88 
BDC-FP-30 3/29/09 2.54 8.33 4.87 3.40 2.09 10.25 
BDC-FP-45 3/29/09 2.48 11.93 7.17 3.04 1.98 9.82 
BDC-FP-60 3/29/09 2.35 7.08 4.49 2.73 1.81 8.61 
BDC-FP-75 3/29/09 2.40 8.30 5.04 3.43 2.14 10.27 
BDC-FP-90 3/29/09 2.11 5.23 3.67 1.78 1.43 6.82 
BDLamp 3/29/09 2.06 20.88 12.17 0.85 1.00 4.75 
BDC-100 3/30/09 2.72 7.36 5.33 3.38 1.78 11.98 
BDC-105 3/30/09 2.79 7.44 5.40 3.44 1.81 11.96 
BDC-110 3/30/09 2.76 7.55 5.38 3.46 1.81 11.90 
BDC-120 3/30/09 2.69 7.36 5.38 3.43 1.83 12.22 
BDC-15 3/30/09 2.42 6.42 4.74 2.93 1.52 9.82 
BDC-3 3/30/09 2.43 6.67 4.98 3.08 1.59 10.26 
BDC-30 3/30/09 2.49 6.86 4.97 3.07 1.64 10.74 
BDC-45 3/30/09 2.48 6.80 4.94 3.10 1.65 10.80 
BDC-60 3/30/09 2.59 7.04 5.15 3.18 1.70 11.29 
BDC-75 3/30/09 2.75 7.29 5.31 3.29 1.71 11.40 
BDC-90 3/30/09 2.66 7.80 5.29 3.30 1.73 11.59 
BDC-FP-
100 
3/30/09 2.51 6.41 5.94 2.68 1.53 10.08 
BDC-FP-
105 
3/30/09 2.28 5.63 4.43 2.27 1.34 8.92 
BDC-FP-
110 
3/30/09 2.62 6.94 5.10 3.11 1.66 11.09 
BDC-FP-30 3/30/09 2.25 5.61 4.22 2.40 1.29 8.44 
BDC-FP-45 3/30/09 2.02 4.86 3.85 1.86 1.12 7.15 
BDC-FP-60 3/30/09 2.38 5.90 4.55 2.53 1.41 9.10 
BDC-FP-75 3/30/09 2.27 5.59 4.21 2.24 1.27 8.11 


















3/30/09 1.68 2.45 2.78 0.18 0.71 3.70 
BDC-Lamp 3/30/09 1.87 15.51 11.27 0.64 0.73 5.40 
BDC-100 3/31/09 2.66 8.64 5.39 4.01 2.08 14.31 
BDC-105 3/31/09 2.68 8.64 5.49 4.01 2.03 14.25 
BDC-120 3/31/09 2.74 8.89 5.54 4.04 2.05 14.48 
BDC-15 3/31/09 2.32 7.98 5.07 3.72 1.84 12.72 
BDC-185 3/31/09 3.68 9.62 5.86 4.54 2.35 15.90 
BDC-3 3/31/09 2.45 9.23 6.04 3.02 1.67 10.86 
BDC-30 3/31/09 2.50 8.51 5.16 3.76 1.86 12.69 
BDC-45 3/31/09 2.50 7.97 5.20 3.83 1.91 13.25 
BDC-75 3/31/09 2.60 8.22 5.24 3.90 2.00 13.79 
BDC-90 3/31/09 2.52 8.09 5.23 3.85 1.98 13.63 
BDC-FP-
100 
3/31/09 3.14 7.87 5.08 3.74 1.99 12.84 
BDC-FP-
105 
3/31/09 3.15 7.97 5.11 3.73 1.98 13.04 
BDC-FP-
110 
3/31/09 2.05 4.94 3.91 1.64 1.10 7.37 
BDC-FP-
120 
3/31/09 2.32 5.84 4.26 2.04 1.41 9.15 
BDC-FP-15 3/31/09 2.57 7.93 5.19 3.38 1.78 11.14 
BDC-FP-30 3/31/09 2.41 6.89 4.60 2.95 1.60 10.11 
BDC-FP-45 3/31/09 2.57 7.28 4.75 3.32 1.77 11.22 
BDC-FP-60 3/31/09 2.52 7.06 4.58 3.06 1.63 10.46 
BDC-FP-75 3/31/09 2.79 7.49 4.81 3.49 1.81 11.45 
BDC-FP-90 3/31/09 2.81 6.94 4.67 3.19 1.71 10.93 
BDC-
FPWet-105 




3/31/09 2.73 8.73 5.53 4.11 2.12 14.61 
BDC-Lamp 3/31/09 1.73 16.22 10.69 0.81 0.70 5.96 
BDC-100 4/1/09 2.71 8.48 5.23 3.51 1.84 13.03 
BDC-105 4/1/09 2.99 9.91 5.98 4.15 2.16 15.31 
BDC-110 4/1/09 2.80 9.13 5.63 3.87 2.01 14.31 
BDC-120 4/1/09 3.04 9.75 5.91 4.11 2.11 15.12 
BDC-15 4/1/09 1.98 12.99 8.41 1.75 1.03 8.07 
BDC-185 4/1/09 3.10 10.69 6.35 4.62 2.37 16.63 
BDC-3 4/1/09 1.98 13.70 8.81 1.53 0.95 7.52 
BDC-30 4/1/09 2.51 9.96 6.26 3.21 1.60 11.64 
















BDC-60 4/1/09 2.62 8.06 5.00 3.52 1.83 13.66 
BDC-75 4/1/09 2.84 15.64 5.53 3.81 1.98 14.18 
BDC-90 4/1/09 2.88 9.19 5.72 3.91 1.98 13.95 
BDC-FP-
105 
4/1/09 2.15 4.73 3.64 1.31 1.10 6.90 
BDC-FP-
110 
4/1/09 1.14 3.69 2.28 1.06 0.59 5.42 
BDC-FP-
120 
4/1/09 2.05 5.39 3.86 1.79 1.06 8.17 
BDC-FP-
120 
4/1/09 2.84 8.80 5.41 3.69 1.95 13.99 
BDC-FP-30 4/1/09 2.17 8.78 5.71 2.34 1.22 9.21 
BDC-FP-45 4/1/09 2.12 7.23 4.67 2.45 1.28 9.68 
BDC-FP-60 4/1/09 2.55 7.57 4.83 3.22 1.64 11.69 
BDC-FP-75 4/1/09 2.69 7.97 4.99 3.36 1.77 12.33 
BDC-FP-90 4/1/09 2.48 8.64 5.52 3.02 1.67 12.72 
BDC-Lamp 4/1/09 1.64 15.39 10.50 0.76 0.61 5.34 
BDC-100 4/2/09 3.32 10.52 6.53 4.81 2.33 13.08 
BDC-105 4/2/09 2.89 17.15 12.00 3.91 2.07 12.63 
BDC-110 4/2/09 3.51 11.18 6.53 4.86 2.29 12.72 
BDC-120 4/2/09 2.63 14.62 9.56 3.11 1.71 11.55 
BDC-15 4/2/09 2.39 12.39 8.20 2.33 1.43 8.02 
BDC-185 4/2/09 3.18 10.54 6.81 5.26 2.46 14.20 
BDC-3 4/2/09 2.40 12.25 8.06 2.12 1.36 7.59 
BDC-30 4/2/09 3.21 10.68 6.62 4.67 2.42 13.37 
BDC-45 4/2/09 3.27 10.99 6.85 4.71 2.47 13.45 
BDC-60 4/2/09 2.34 14.14 9.73 2.93 1.75 11.45 
BDC-75 4/2/09 2.96 17.19 11.08 3.68 2.01 11.42 
BDC-90 4/2/09 2.30 14.91 10.31 2.74 1.58 10.71 
BDC-FP-
100 
4/2/09 3.30 10.60 6.68 4.56 2.40 13.40 
BDC-FP-
105 
4/2/09 3.17 10.41 6.61 4.68 2.39 13.26 
BDC-FP-
110 
4/2/09 2.95 9.49 6.17 4.22 2.15 12.18 
BDC-FP-30 4/2/09 2.97 9.13 5.75 3.57 1.97 10.88 
BDC-FP-45 4/2/09 2.90 9.17 6.11 4.01 2.23 12.11 
BDC-FP-60 4/2/09 2.96 9.15 5.98 3.72 2.10 11.02 
BDC-FP-75 4/2/09 3.17 10.44 6.62 4.58 2.40 13.16 




















BDC-Lamp 4/2/09 2.02 17.30 10.94 0.65 0.73 4.29 
BDC-100 4/3/09 3.23 8.68 6.07 3.86 2.01 14.32 
BDC-105 4/3/09 3.15 8.62 6.06 3.85 2.00 14.23 
BDC-110 4/3/09 3.21 9.05 6.33 3.95 2.03 14.46 
BDC-120 4/3/09 2.85 8.68 6.23 3.14 1.76 13.61 
BDC-15 4/3/09 2.97 8.57 6.04 3.51 1.74 12.21 
BDC-150 4/3/09 3.24 8.83 6.15 3.95 2.02 14.27 
BDC-3 4/3/09 2.90 8.48 6.13 3.50 1.70 11.82 
BDC-30 4/3/09 2.95 8.02 5.64 3.59 1.77 12.49 
BDC-45 4/3/09 2.97 7.99 5.73 3.59 1.71 12.03 
BDC-60 4/3/09 3.00 7.95 5.70 3.59 1.74 12.23 
BDC-75 4/3/09 2.64 6.35 4.77 2.70 1.43 9.94 
BDC-90 4/3/09 3.11 8.15 5.86 3.64 1.87 13.25 
BDC-FP-
100 
4/3/09 3.01 7.59 5.56 3.38 1.83 12.93 
BDC-FP-
105 
4/3/09 2.80 6.88 5.28 3.07 1.68 11.87 
BDC-FP-30 4/3/09 2.96 7.54 5.42 3.28 1.64 11.49 
BDC-FP-45 4/3/09 2.91 7.64 5.47 3.39 1.69 11.84 
BDC-FP-60 4/3/09 2.84 7.36 5.38 3.23 1.64 11.43 
BDC-FP-75 4/3/09 3.10 8.18 5.86 3.70 1.92 13.59 




4/3/09 1.88 3.36 3.51 1.06 0.86 6.37 
BDC-Lamp 4/3/09 1.84 14.54 10.75 0.62 0.69 5.23 
BDC-100 4/7/09 2.32 6.59 5.36 4.18 1.74 11.17 
BDC-105 4/7/09 2.41 6.87 5.62 4.20 1.77 11.33 
BDC-110 4/7/09 2.42 6.75 5.54 4.18 1.76 11.36 
BDC-120 4/7/09 2.48 6.96 5.67 4.22 1.79 11.68 
BDC-15 4/7/09 1.87 10.70 8.11 2.30 1.06 7.13 
BDC-150 4/7/09 2.49 7.03 5.71 4.23 1.78 11.66 
BDC-205 4/7/09 2.45 7.24 5.90 4.53 1.85 12.03 
BDC-3 4/7/09 1.81 10.66 8.04 2.36 1.05 7.02 
BDC-30 4/7/09 1.89 10.66 8.02 2.48 1.08 7.32 
BDC-45 4/7/09 1.82 9.57 7.39 2.98 1.18 7.60 
BDC-60 4/7/09 2.07 6.12 4.90 4.85 1.62 9.53 
BDC-75 4/7/09 2.21 6.05 4.98 4.08 1.63 10.24 
BDC-90 4/7/09 2.11 5.59 4.64 3.66 1.50 9.38 
BDC-FP-
100 













mg Mg/L mg Ca/L 
BDC-FP-
105 
4/7/09 2.18 5.85 4.76 3.97 1.57 9.92 
BDC-FP-
110 
4/7/09 2.07 5.36 4.56 3.42 1.38 8.41 
BDC-FP-
120 
4/7/09 1.88 4.14 4.07 2.30 1.26 7.31 
BDC-FP-
150 
4/7/09 1.70 2.71 2.61 1.33 0.71 4.08 
BDC-FP-30 4/7/09 1.85 9.03 6.98 2.94 1.21 7.47 
BDC-FP-45 4/7/09 2.04 5.85 4.70 4.45 1.53 9.36 
BDC-FP-60 4/7/09 2.04 5.17 4.27 3.60 1.37 8.38 
BDC-FP-75 4/7/09 2.11 5.83 4.75 4.24 1.55 9.50 












4/7/09 2.21 5.89 4.89 3.56 1.47 9.22 
BDC-Lamp 4/7/09 1.78 14.38 10.45 0.69 0.71 5.56 
BDC-100 4/9/09 3.36 10.44 6.88 4.52 2.46 13.01 
BDC-105 4/9/09 3.52 11.26 7.29 4.94 2.62 14.00 
BDC-110 4/9/09 3.42 11.12 7.28 4.84 2.62 14.04 
BDC-120 4/9/09 3.45 11.19 7.27 4.79 2.60 13.91 
BDC-15 4/9/09 2.05 14.09 9.25 1.63 1.15 5.74 
BDC-205 4/9/09 3.55 11.96 7.38 4.89 2.64 14.25 
BDC-3 4/9/09 2.05 14.14 9.36 1.64 1.13 5.52 
BDC-30 4/9/09 2.02 14.51 9.33 1.60 1.13 5.59 
BDC-45 4/9/09 2.04 13.52 9.02 1.99 1.27 6.34 
BDC-60 4/9/09 2.13 13.63 9.03 2.40 1.41 7.20 
BDC-75 4/9/09 2.28 11.47 7.91 3.00 1.62 8.13 
BDC-90 4/9/09 2.79 8.64 5.96 3.62 1.98 10.08 
BDC-FP-
100 
4/9/09 3.14 9.74 6.22 4.14 2.21 11.62 
BDC-FP-
105 
4/9/09 2.96 9.00 6.14 4.04 2.15 11.05 
BDC-FP-
110 
4/9/09 2.51 7.03 5.01 2.91 1.72 8.36 
BDC-FP-
120 
4/9/09 2.62 7.57 5.62 3.13 1.97 9.32 
BDC-FP-30 4/9/09 2.07 14.22 9.10 1.58 1.12 5.53 
















BDC-FP-60 4/9/09 2.09 11.17 7.54 2.12 1.28 6.28 
BDC-FP-75 4/9/09 2.37 10.10 6.81 2.79 1.54 7.50 




4/9/09 3.04 9.05 6.24 3.90 2.15 10.83 
BDC-Lamp 4/9/09 1.77 16.19 10.22 0.79 0.81 3.92 
BDC-100 4/10/09 3.70 12.44 8.19 5.31 2.62 15.20 
BDC-105 4/10/09 4.02 13.43 8.22 5.41 2.68 15.49 
BDC-110 4/10/09 3.97 13.67 8.27 5.43 2.67 15.01 
BDC-120 4/10/09 3.79 12.93 8.31 5.53 2.65 15.30 
BDC-15 4/10/09 2.16 13.37 8.42 1.55 1.05 6.27 
BDC-150 4/10/09 4.17 13.94 7.98 5.33 2.53 14.84 
BDC-3 4/10/09 2.46 15.23 10.10 2.15 1.34 7.62 
BDC-30 4/10/09 2.48 14.09 9.63 2.41 1.44 8.27 
BDC-45 4/10/09 2.91 13.47 8.95 3.10 1.69 9.62 
BDC-60 4/10/09 2.81 12.97 8.83 3.15 1.72 9.74 
BDC-75 4/10/09 3.27 10.77 7.07 4.49 2.30 13.39 
BDC-90 4/10/09 3.56 11.80 7.81 5.06 2.58 14.77 
BDC-FP-
100 
4/10/09 3.77 12.02 7.61 4.82 2.55 14.39 
BDC-FP-
105 
4/10/09 3.52 11.49 7.66 4.88 2.54 14.54 
BDC-FP-30 4/10/09 2.95 13.36 8.59 2.91 1.62 9.18 
BDC-FP-45 4/10/09 3.45 11.11 7.41 4.53 2.28 12.68 
BDC-FP-60 4/10/09 2.96 10.35 6.93 3.06 1.67 9.23 
BDC-FP-75 4/10/09 2.57 7.47 5.31 2.67 1.46 8.06 
BDC-FP-90 4/10/09 3.58 10.73 6.91 4.22 2.33 13.13 
BDC-FP-
90B 
4/10/09 3.28 10.14 6.95 4.24 2.32 13.02 
BDC-Lamp 4/10/09 1.93 16.53 10.39 0.58 0.68 4.26 
BDC-105 5/8/09 2.31 9.10 6.45 5.27 2.64 17.59 
BDC-15 5/8/09 1.69 20.68 13.01 1.15 1.09 8.06 
BDC-3 5/8/09 1.63 20.63 12.95 1.20 1.09 7.96 
BDC-30 5/8/09 1.76 19.87 12.68 1.29 1.15 8.46 
BDC-45 5/8/09 1.94 14.99 9.94 2.76 1.82 12.08 
BDC-60 5/8/09 2.26 10.59 7.39 4.34 2.44 15.90 
BDC-75 5/8/09 2.35 9.99 7.42 5.05 2.62 17.11 
BDC-90 5/8/09 2.43 8.94 6.37 5.07 2.64 17.34 
BDC-FP-30 5/8/09 1.79 19.40 12.33 1.39 1.17 8.53 
















BDC-FP-60 5/8/09 1.77 19.89 12.57 1.38 1.21 8.79 
BDC-FP-75 5/8/09 2.31 8.36 6.07 4.64 2.56 16.42 
BDC-FP-90 5/8/09 2.26 8.53 6.15 4.68 2.61 16.89 
BDC-Lamp 5/8/09 1.59 21.32 13.52 0.93 1.01 7.69 
BDC-105 5/10/09 2.81 9.70 6.45 5.22 2.71 19.29 
BDC-15 5/10/09 1.57 17.94 11.74 1.11 1.00 7.60 
BDC-3 5/10/09 1.65 18.07 11.91 1.17 0.96 7.37 
BDC-30 5/10/09 1.60 17.83 11.48 1.31 1.10 8.27 
BDC-45 5/10/09 2.43 9.34 6.63 5.00 2.67 18.67 
BDC-60 5/10/09 2.64 9.34 6.35 5.18 2.68 19.23 
BDC-75 5/10/09 2.73 9.30 6.42 5.13 2.67 19.20 
BDC-90 5/10/09 2.76 9.43 6.37 5.18 2.64 19.23 
BDC-FP-30 5/10/09 1.60 16.95 11.13 1.19 1.02 7.75 
BDC-FP-45 5/10/09 2.26 9.72 6.82 4.37 2.36 17.61 
BDC-FP-60 5/10/09 1.77 14.09 9.45 2.89 1.73 11.78 
BDC-Lamp 5/10/09 1.52 18.74 12.04 0.88 0.90 7.07 
BDC-105 5/11/09 3.36 10.97 6.80 5.20 2.86 21.74 
BDC-15 5/11/09 1.62 18.93 12.04 1.00 0.97 7.48 
BDC-3 5/11/09 1.62 19.26 12.30 1.02 0.98 7.49 
BDC-30 5/11/09 1.71 18.85 12.02 1.01 0.99 7.56 
BDC-45 5/11/09 1.80 17.80 11.43 1.50 1.19 9.09 
BDC-60 5/11/09 3.19 10.33 6.60 4.95 2.86 21.30 
BDC-75 5/11/09 3.30 10.46 6.64 5.02 2.86 21.45 
BDC-90 5/11/09 3.09 11.74 7.56 4.83 2.75 20.68 
BDC-FP-30 5/11/09 1.61 18.03 11.74 1.04 1.00 7.65 
BDC-FP-45 5/11/09 1.83 16.36 10.48 1.75 1.35 9.84 
BDC-FP-60 5/11/09 2.94 10.52 6.83 4.34 2.61 19.16 
BDC-Lamp 5/11/09 1.56 19.62 12.53 0.84 0.92 7.01 
BDC-105 5/12/09 3.90 12.91 7.56 6.35 3.23 24.13 
BDC-15 5/12/09 1.62 19.31 12.20 1.05 1.03 7.60 
BDC-3 5/12/09 1.64 19.25 12.22 1.03 0.99 7.42 
BDC-30 5/12/09 1.75 17.50 11.48 1.54 1.22 9.34 
BDC-45 5/12/09 3.58 12.81 7.56 6.21 3.24 23.65 
BDC-60 5/12/09 3.81 12.64 7.48 6.21 3.20 23.52 
BDC-75 5/12/09 3.62 12.76 7.51 6.28 3.22 23.78 
BDC-90 5/12/09 3.73 12.90 7.66 6.23 3.12 22.74 
BDC-FP-45 5/12/09 2.05 16.08 10.32 2.51 1.74 12.28 
BDC-Lamp 5/12/09 1.54 19.21 12.32 0.87 0.95 7.17 
















BDC-15 5/13/09 1.77 20.30 12.15 1.25 1.38 6.95 
BDC-3 5/13/09 1.76 21.63 13.08 1.22 1.17 5.94 
BDC-30 5/13/09 3.29 12.97 7.28 5.31 3.21 19.31 
BDC-45 5/13/09 3.35 13.00 7.21 5.32 3.13 18.88 
BDC-60 5/13/09 3.36 12.98 7.23 5.36 3.20 19.48 
BDC-75 5/13/09 3.44 13.22 7.21 5.40 3.17 19.43 
BDC-90 5/13/09 3.44 13.20 7.17 5.36 3.14 19.27 
BDC-Lamp 5/13/09 1.66 22.19 13.52 1.25 1.21 5.82 
BDC-100 7/3/09 1.84 9.65 6.16 6.00 3.18 16.99 
BDC-105 7/3/09 1.82 9.65 6.21 6.08 3.20 17.16 
BDC-110 7/3/09 1.86 9.74 6.21 6.07 3.19 17.01 
BDC-120 7/3/09 1.88 9.70 6.21 6.02 3.18 17.12 
BDC-15 7/3/09 1.30 16.51 10.89 1.69 1.31 7.16 
BDC-3 7/3/09 1.23 15.96 10.94 1.69 1.31 7.09 
BDC-30 7/3/09 1.29 16.52 10.82 1.65 1.30 7.12 
BDC-45 7/3/09 1.27 16.46 10.79 1.76 1.35 7.35 
BDC-60 7/3/09 1.37 16.89 11.06 1.83 1.39 7.58 
BDC-75 7/3/09 1.37 16.33 10.70 1.93 1.39 7.51 
BDC-90 7/3/09 1.79 9.44 6.05 5.95 3.15 16.77 
BDC-FP-
100 
7/3/09 1.72 8.27 5.36 4.87 2.70 14.32 
BDCFP-
105E 
7/3/09 1.81 4.60 3.39 0.66 0.94 4.13 
BDC-FP-
105W 
7/3/09 1.47 7.49 5.04 4.17 2.41 13.24 
BDC-FP-30 7/3/09 1.14 14.50 9.40 1.49 1.16 6.42 
BDC-FP-45 7/3/09 1.30 16.46 10.82 1.73 1.33 7.19 
BDC-FP-60 7/3/09 1.32 16.60 10.91 1.85 1.36 7.33 
BDC-FP-75 7/3/09 1.31 16.20 10.66 1.94 1.39 7.40 
BDC-FP-90 7/3/09 1.64 8.28 5.34 4.93 2.67 14.00 
BDC-
gwspring 
7/3/09 0.22 3.60 4.28 5.49 5.58 13.60 
BDC-Lamp 7/3/09 1.24 17.58 11.51 1.01 1.05 5.83 
BDC-100 7/4/09 1.26 14.06 9.32 3.04 1.79 8.89 
BDC-105 7/4/09 1.30 12.73 8.41 4.40 2.36 11.54 
BDC-110 7/4/09 1.92 10.15 6.69 6.60 3.54 18.96 
BDC-15 7/4/09 1.23 15.47 10.25 1.71 1.27 6.50 
BDC-165 7/4/09 1.99 10.95 7.24 6.71 3.61 19.42 
BDC-3 7/4/09 1.23 15.54 10.36 1.79 1.30 6.51 
BDC-30 7/4/09 1.19 15.49 10.32 1.69 1.26 6.51 
















BDC-60 7/4/09 1.20 15.07 10.20 2.04 1.40 7.11 
BDC-75 7/4/09 1.20 15.46 10.24 1.99 1.39 7.09 
BDC-90 7/4/09 1.22 15.40 10.20 2.13 1.44 7.28 
BDC-FP-
100 
7/4/09 1.30 12.78 8.41 4.94 2.49 12.13 
BDC-FP-
105E 
7/4/09 1.45 11.36 7.35 5.30 2.68 12.84 
BDC-FP-
105W 
7/4/09 1.42 11.31 7.39 5.63 2.81 13.78 
BDC-FP-
110E 
7/4/09 1.63 8.40 5.54 4.97 2.69 13.83 
BDC-FP-
110W 
7/4/09 1.48 6.99 4.80 3.76 2.10 10.56 
BDC-FP-30 7/4/09 1.23 15.42 10.16 2.11 1.41 7.06 
BDC-FP-45 7/4/09 1.20 15.33 10.15 2.05 1.40 7.10 
BDC-FP-60 7/4/09 1.20 15.39 10.18 2.37 1.52 7.58 
BDC-FP-75 7/4/09 1.23 15.37 10.19 2.24 1.47 7.35 
BDC-FP-90 7/4/09 1.26 15.83 10.63 2.70 1.68 8.36 
BDC-
gwspring 
7/4/09 0.23 3.84 4.37 5.73 5.72 14.28 
BDC-Lamp 7/4/09 1.13 15.99 10.68 0.90 0.93 4.93 
BDC-100 7/5/09 1.35 13.65 9.16 2.22 1.58 8.45 
BDC-105 7/5/09 2.15 11.82 8.00 5.90 3.58 19.76 
BDC-110 7/5/09 2.40 11.73 7.87 6.76 4.09 22.73 
BDC-15 7/5/09 1.19 14.65 9.93 1.18 1.08 5.72 
BDC-150 7/5/09 2.41 12.02 8.06 6.79 4.09 22.76 
BDC-3 7/5/09 1.25 15.59 10.74 1.36 1.14 5.98 
BDC-30 7/5/09 1.17 14.75 10.04 1.19 1.06 5.64 
BDC-45 7/5/09 1.28 14.74 9.99 1.28 1.09 5.80 
BDC-60 7/5/09 1.21 14.77 9.93 1.24 1.10 5.83 
BDC-75 7/5/09 1.25 14.70 9.90 1.26 1.10 5.68 
BDC-90 7/5/09 1.20 14.87 9.92 1.30 1.12 5.97 
BDC-FP-
100 
7/5/09 1.42 12.63 8.52 2.64 1.76 9.32 
BDCFP-
105E 
7/5/09 1.80 7.62 5.47 3.19 2.23 10.57 
BDC-FP-
105W 
7/5/09 1.88 10.46 7.38 5.41 3.25 17.66 
BDC-FP-
110E 
7/5/09 1.74 8.75 6.01 4.68 2.70 14.63 
BDC-FP-
110W 
7/5/09 1.49 7.14 4.99 3.72 2.57 14.02 
BDC-FP-30 7/5/09 1.28 14.07 9.54 1.25 1.12 5.84 
















BDC-FP-60 7/5/09 1.20 14.84 9.92 1.24 1.09 5.76 
BDC-FP-75 7/5/09 1.21 14.71 9.85 1.27 1.10 5.82 
BDC-FP-90 7/5/09 1.28 16.11 11.19 1.15 1.11 5.89 
BDC-
gwspring 
7/5/09 0.14 3.33 4.41 6.50 6.41 15.83 
BDC-Lamp 7/5/09 1.12 14.46 9.68 0.80 0.88 4.70 
BDC-100 7/6/09 3.11 12.72 8.41 6.50 3.93 23.37 
BDC-15 7/6/09 1.21 15.45 10.72 0.98 1.00 5.16 
BDC-3 7/6/09 1.26 16.26 10.72 0.96 1.00 5.14 
BDC-30 7/6/09 1.21 15.40 10.20 0.95 0.99 5.28 
BDC-45 7/6/09 1.27 16.48 11.08 1.04 1.04 5.43 
BDC-60 7/6/09 1.21 13.80 9.16 1.31 1.16 6.65 
BDC-75 7/6/09 2.63 13.13 8.62 5.56 3.48 19.95 
BDC-90 7/6/09 3.01 12.57 8.30 6.54 3.98 23.62 
BDC-FP-30 7/6/09 1.23 15.67 10.40 1.00 1.01 5.33 
BDC-FP-60 7/6/09 1.00 14.59 9.84 1.29 1.32 6.73 
BDC-
gwspring 
7/6/09 0.15 3.46 4.60 6.34 5.61 13.90 
BDC-Lamp 7/6/09 1.19 16.02 10.84 0.81 0.94 4.87 
84 
Sample 







DO (%) Temp (C) 
BDC-100 3/29/09 6.77 59 100 11.42 86.2 3.57 
BDC-105 3/29/09 6.7 60 101 11.75 88.8 3.64 
BDC-120 3/29/09 6.72 59 100 11.96 90.2 3.57 
BDC-15 3/29/09 6.59 55 94 11.33 84.6 2.97 
BDC-3 3/29/09 6.63 55 95 11.71 86.9 2.97 
BDC-30 3/29/09 6.75 55 94 11.33 84.6 3.18 
BDC-45 3/29/09 6.71 56 96 11.06 82.8 3.26 
BDC-75 3/29/09 6.72 58 98 11.38 85.8 3.5 
BDC-FP-
100 
3/29/09 6.69 56 96 11.54 86.5 3.35 
BDC-FP-
105 
3/29/09 6.46 53 90 10.88 81.6 3.34 
BDC-FP-
110 
3/29/09 6.61 57 97 11.72 88.3 3.56 
BDC-FP-30 3/29/09 6.58 54 93 11.41 84.8 3 
BDC-FP-45 3/29/09 6.46 53 91 11.26 83.7 3.04 
BDC-FP-60 3/29/09 6.52 51 88 11.27 83.9 3.05 
BDC-FP-75 3/29/09 6.55 55 94 11.22 83.7 3.15 
BDC-FP-90 3/29/09 6.64 54 92 11.08 82.7 3.18 
BDLamp 3/29/09 6.56 58 92 11.79 93.6 5.54 
BDC-100 3/30/09 6.8 60 103 9.95 74 3.06 
BDC-105 3/30/09 6.78 60 104 10.11 75.3 3.05 
BDC-110 3/30/09 6.83 61 104 10.31 76.7 3.05 
BDC-120 3/30/09 6.82 61 105 10.39 77.4 3.08 
BDC-3 3/30/09 6.66 55 95 10.17 76 3.14 
BDC-30 3/30/09 6.6 57 99 9.73 71.8 2.69 
BDC-45 3/30/09 6.69 57 100 9.58 70.6 2.68 
BDC-60 3/30/09 6.7 58 101 9.67 71.4 2.74 
BDC-75 3/30/09 6.73 59 101 9.88 73.1 2.84 
BDC-90 3/30/09 6.75 59 102 9.91 73.5 2.94 
BDC-FP-
100 
3/30/09 6.44 47 85 9.27 66.3 1.57 
BDC-FP-
105 
3/30/09 6.53 53 93 8.89 65.7 2.72 
BDC-FP-
110 
3/30/09 6.68 59 101 9.73 72.4 3.03 
BDC-FP-30 3/30/09 6.38 48 86 9.25 66.7 1.89 
BDC-FP-45 3/30/09 6.16 47 72 8.09 59 2.2 
BDC-FP-60 3/30/09 6.48 54 94 9.32 68.6 2.64 
BDC-FP-75 3/30/09 6.52 54 94 9.37 69 2.64 
BDC-FP-90 3/30/09 6.52 41 71 9.38 68.6 2.42 
85 
Sample 







DO (%) Temp (C) 
BDC-
FPWet-105 
3/30/09 5.75 17 29 8.78 66.1 3.46 
BDC-Lamp 3/30/09 6.36 54 87 10.84 84.8 4.97 
BDC-100 3/3709 6.57 60 105 11.93 87.5 2.47 
BDC-105 3/31/09 6.75 61 107 11.35 83.3 2.54 
BDC-110 3/31/09 6.63 31 107 11.53 84.6 2.55 
BDC-120 3/31/09 6.7 32 107 11.3 83.4 2.71 
BDC-15 3/31/09 6.63 57 98 10.14 75.6 3.04 
BDC-185 3/31/09 6.84 68 116 11.92 89 3.17 
BDC-3 3/31/09 6.62 56 95 10.88 81.2 3.52 
BDC-30 3/31/09 6.62 57 98 10.09 74.9 2.95 
BDC-45 3/31/09 6.61 57 98 10.38 76.9 2.94 
BDC-60 3/31/09 6.58 57 98 9.96 74.2 3.02 
BDC-75 3/31/09 6.58 57 100 10.5 77.9 2.62 
BDC-90 3/31/09 6.68 59 102 10.79 79.6 2.73 
BDC-FP-
100 
3/31/09 6.37 57 99 10.53 77.5 2.56 
BDC-FP-
105 
3/31/09 6.46 55 96 10.24 75.7 2.81 
BDC-FP-
110 
3/31/09 6.19 34 58 8.96 67.2 3.33 
BDC-FP-
120 
3/31/09 6.1 33 58 9.66 69.9 1.97 
BDC-FP-15 3/31/09 6.37 51 88 10.06 74.3 2.74 
BDC-FP-30 3/31/09 6.1 45 81 9.13 65.9 1.95 
BDC-FP-45 3/31/09 6.36 51 88 9.51 69.7 2.5 
BDC-FP-60 3/31/09 6.21 47 83 9.59 70.5 2.57 
BDC-FP-75 3/31/09 6.36 52 91 10.09 74.3 2.68 





5.88 33 58 8.78 64.6 2.63 
BDC-Lamp 3/31/09 6.22 50 82 12.02 93.3 4.65 
BDC-100 4/1/09 6.76 67 116 11.99 89 2.95 
BDC-105 4/1/09 6.66 68 116 11.4 85.5 3.37 
BDC-110 4/1/09 6.92 70 118 11.7 88.7 3.68 
BDC-120 4/1/09 6.93 70 118 11.77 89.6 3.88 
BDC-15 4/1/09 6.36 50 82 10.68 82.6 4.5 
BDC-185 4/1/09 7 76 126 12.28 94.4 4.2 
BDC-3 4/1/09 6.55 57 98 10.4 78 3.33 
BDC-30 4/1/09 6.54 59 101 10.22 76.3 3.2 
BDC-45 4/1/09 6.58 59 103 10.9 79.8 2.42 
86 
Sample 







DO {%} Temp (C) 
BDC-60 4/1/09 6.5 60 103 10.33 77 A 3.16 
BDC-75 4/1/09 6.58 62 109 11.25 82.4 2.41 
BDC-90 4/1/09 6.62 62 105 10.72 80.2 3.26 
BDC-FP-
105 
4/1/09 6.58 63 106 10.52 79.6 3.66 
BDC-FP-
110 
4/1/09 6.29 43 70 8.97 70.3 4.86 
BDC-FP-
120 
4/1/09 6.2 37 63 10.15 76.5 3.42 
BDC-FP-
120 
4/1/09 6.51 60 99 10.74 82.4 4.21 
BDC-FP-30 4/1/09 6.37 44 75 10.5 78.5 3.24 
BDC-FP-45 4/1/09 6.41 49 85 10.14 75.2 2.93 
BDC-FP-60 4/1/09 6.42 53 92 10.53 77.9 2.81 
BDC-FP-75 4/1/09 6.43 56 96 10.83 80.1 2.84 
BDC-FP-90 4/1/09 6.51 58 100 11.09 82.1 2.91 
BDC-Lamp 4/1/09 6.24 48 77 12.48 97.3 4.82 
BDC-Lamp 4/1/09 6.13 48 78 13.02 102 4.92 
BDC-100 4/2/09 6.83 76 113 6.83 90.4 7.58 
BDC-105 4/2/09 6.86 77 113 6.86 89.7 8.35 
BDC-110 4/2/09 6.92 80 113 6.92 91.2 9.69 
BDC-120 4/2/09 6.96 80 113 6.96 91.5 9.81 
BDC-15 4/2/09 6.63 64 106 11.12 85.5 4.2 
BDC-185 4/2/09 7 86 117 7 94.4 10.75 
BDC-3 4/2/09 6.62 66 107 11.21 87.7 4.91 
BDC-30 4/2/09 6.71 71 118 6.71 87 4.13 
BDC-45 4/2/09 6.7 69 115 6.7 87.1 4.06 
BDC-60 4/2/09 6.76 68 113 6.76 88.1 4.2 
BDC-75 4/2/09 6.81 74 115 6.81 90 6.15 
BDC-90 4/2/09 6.83 74 119 6.83 92.8 5.1 
BDC-FP-
100 
4/2/09 6.7 77 112 9.98 85.8 8.71 
BDC-FP-
105 
4/2/09 6.75 75 107 9.55 83.5 9.5 
BDC-FP-30 4/2/09 6.54 63 104 10.79 83.6 4.51 
BDC-FP-45 4/2/09 6.63 60 97 10.75 83.7 4.72 
BDC-FP-60 4/2/09 6.51 64 104 10.57 82.6 4.92 
BDC-FP-75 4/2/09 6.59 71 111 10.24 83.3 6.07 





6.61 62 88 6.61 83.8 9.71 
BDC-Lamp 4/2/09 6.3 50 78 6.3 100.6 6.26 
87 
Sample 








<%) Temp (C) 
BDC-100 4/3/09 6.78 76 119 9.78 79 6.27 
BDC-105 4/3/09 6.87 76 119 9.92 80.2 6.24 
BDC-110 4/3/09 6.87 78 121 10.12 81.9 6.27 
BDC-120 4/3/09 6.79 78 121 10.35 83.8 6.27 
BDC-15 4/3/09 6.59 71 109 9.06 73.8 6.58 
BDC-150 4/3/09 6.89 78 121 10.26 83.1 6.29 
BDC-3 4/3/09 6.68 72 112 8.91 72.4 6.42 
BDC-30 4/3/09 6.66 72 112 9 72.8 6.25 
BDC-45 4/3/09 6.62 72 111 9.05 73.4 6.43 
BDC-60 4/3/09 6.57 70 109 8.65 70.3 6.52 
BDC-75 4/3/09 6.72 74 115 9.65 77.9 6.25 
BDC-90 4/3/09 6.73 74 115 9.73 78.6 6.23 
BDC-FP-
100 
4/3/09 6.54 69 107 7.81 63.4 6.43 
BDC-FP-
105 
4/3/09 6.4 64 99 6.39 52.5 6.41 
BDC-FP-30 4/3/09 6.38 63 95 8.17 67.9 7.3 
BDC-FP-45 4/3/09 6.4 65 99 7.98 66.2 7.23 
BDC-FP-60 4/3/09 6.28 61 92 8.07 67 7.25 
BDC-FP-75 4/3/09 6.49 59 91 7.96 65 6.6 





6.01 32 52 5.56 43.6 5.02 
BDC-Lamp 4/3/09 6.23 54 82 11.13 92.4 7.33 
BDC-100 4/7/09 6.62 61 95 9.78 79 6.2 
BDC-105 4/7/09 6.6 64 99 9.42 76.6 6.47 
BDC-110 4/7/09 6.69 66 100 9.8 80.6 6.98 
BDC-120 4/7/09 6.6 67 101 10.25 84.8 7.15 
BDC-15 4/7/09 6.48 59 92 9.47 76.5 6.17 
BDC-150 4/7/09 6.69 67 102 10.25 85.2 7.22 
BDC-205 4/7/09 6.77 65 98 10.6 87.7 7.21 
BDC-3 4/7/09 6.59 60 93 9.42 76 6.16 
BDC-30 4/7/09 6.56 59 93 9.46 76.2 6.06 
BDC-60 4/7/09 6.54 59 93 9.35 75.2 6.03 
BDC-75 4/7/09 6.55 60 94 9.66 77.7 6.04 
BDC-90 4/7/09 6.6 61 96 9.66 77.7 6.05 
BDC-FP-
100 
4/7/09 6.55 61 95 9.46 76.4 6.19 
BDC-FP-
105 
4/7/09 6.5 59 93 8.89 71.8 6.27 
88 
Sample 













4/7/09 6.46 56 87 8.66 70.3 6.41 
BDC-FP-
120 
4/7/09 6.18 25 38 8.41 68.8 6.64 
BDC-FP-
150 
4/7/09 5.79 25 39 8.3 67.5 6.44 
BDC-FP-30 4/7/09 6.36 54 84 9.93 80.8 6.47 
BDC-FP-45 4/7/09 6.4 56 87 9.03 73.2 6.25 
BDC-FP-60 4/7/09 6.47 57 90 9.15 73.7 6.1 
BDC-FP-75 4/7/09 6.41 57 90 9.23 74.4 6.08 















6.46 55 84 9.35 76.2 6.53 
BDC-Lamp 4/7/09 6.22 53 81 11.74 96.6 6.98 
BDC-100 4/9/09 6.67 73 123 10.67 80.8 3.72 
BDC-105 4/9/09 6.67 74 126 11.01 82.2 3.24 
BDC-110 4/9/09 6.63 74 127 11.4 85 3.12 
BDC-120 4/9/09 6.58 73 127 12.08 89.3 2.79 
BDC-15 4/9/09 6.2 58 93 10.22 80.8 5.29 
BDC-205 4/9/09 6.56 69 119 12.32 91.6 3.03 
BDC-3 4/9/09 6.46 69 111 10.29 81.1 5.21 
BDC-30 4/9/09 6.66 68 110 9.63 74.8 4.69 
BDC-45 4/9/09 6.63 64 104 9.66 75.1 4.69 
BDC-60 4/9/09 6.66 67 109 9.59 74.4 4.57 
BDC-75 4/9/09 6.68 70 116 10.29 78.6 4.04 
BDC-90 4/9/09 6.68 72 122 10.69 80.8 3.69 
BDC-FP-
100 
4/9/09 6.4 69 116 9.51 72.6 4.01 
BDC-FP-
105 
4/9/09 6.33 69 117 10.25 77 3.39 
BDC-FP-
110 
4/9/09 6.07 41 69 8.77 66.9 3.95 
BDC-FP-
120 
4/9/09 6.19 37 62 8.69 65.9 3.76 
BDC-FP-30 4/9/09 5.81 48 78 10.54 82.3 4.82 
BDC-FP-60 4/9/09 5.77 50 81 9.38 72.8 4.67 
BDC-FP-75 4/9/09 5.92 51 84 9.75 75.5 4.54 
89 
Sample 







DO (%) Temp (C) 





6.59 54 89 10.08 76.7 4.1 
BDC-Lamp 4/9/09 6.23 48 76 11.92 95 5.68 
BDC-100 4/10/09 6.99 89 131 11.58 98 8.08 
BDC-105 4/10/09 6.95 91 133 11.41 97.3 8.48 
BDC-110 4/10/09 7.01 92 133 10.81 93 8.77 
BDC-120 4/10/09 7.12 94 134 11.03 96.5 9.41 
BDC-15 4/10/09 6.64 77 126 11.22 87.7 4.85 
BDC-150 4/10/09 7.13 95 135 11.27 99.3 9.74 
BDC-3 4/10/09 6.63 77 123 11.58 91.6 5.23 
BDC-30 4/10/09 6.64 78 126 10.92 85.8 5.12 
BDC-45 4/10/09 6.55 76 120 9.92 79 5.61 
BDC-60 4/10/09 6.46 74 116 10.03 81.3 6.36 
BDC-75 4/10/09 6.71 82 128 11.13 89.4 6 
BDC-90 4/10/09 6.85 84 130 12.08 98.1 6.36 
BDC-FP-
100 
4/10/09 6.83 89 123 10 88.8 10.27 
BDC-FP-
105 
4/10/09 6.73 88 127 10.86 94 8.95 
BDC-FP-30 4/10/09 6.49 57 85 9.86 82.3 7.53 
BDC-FP-45 4/10/09 6.55 73 111 9.72 80.3 7.09 
BDC-FP-60 4/10/09 6.35 69 103 9.22 77.3 7.67 
BDC-FP-75 4/10/09 6.27 65 97 9.05 76.2 7.87 
BDC-FP-90 4/10/09 6.69 82 121 10.13 86.4 8.4 
BDC-Lamp 4/10/09 6.42 57 86 11.92 99.7 7.6 
BDC-105 5/8/09 7.02 112 131 11.32 117.4 17.11 
BDC-15 5/8/09 6.68 96 127 11.74 109.3 12.11 
BDC-3 5/8/09 6.4 82 112 9.56 86.7 10.89 
BDC-30 5/8/09 6.71 96 127 12.04 112 12.09 
BDC-45 5/8/09 6.81 96 128 11.62 108.4 12.21 
BDC-60 5/8/09 6.73 98 129 11.53 107.4 12.16 
BDC-75 5/8/09 6.78 99 128 11.46 109 13.26 
BDC-90 5/8/09 6.87 102 131 11.01 105.5 13.36 
BDC-FP-30 5/8/09 6.75 87 109 11.49 112.3 14.31 
BDC-FP-45 5/8/09 6.64 88 109 11.08 110 15.05 
BDC-FP-60 5/8/09 6.78 91 111 11.18 111.8 15.22 
BDC-FP-75 5/8/09 6.79 96 117 10.79 107.8 15.31 
BDC-Lamp 5/8/09 6.72 87 109 13.67 133.7 14.39 
BDC-105 5/10/09 7.04 112 137 10.48 105 15.456 
90 
Sample 







DO (%) Temp (C) 
BDC-15 5/10/09 6.88 96 115 9.41 95.7 16.18 
BDC-3 5/10/09 6.47 81 106 10.38 98 12.57 
BDC-30 5/10/09 6.83 101 124 8.89 89.4 15.6 
BDC-45 5/10/09 6.79 105 129 8.53 85.4 15.29 
BDC-60 5/10/09 6.82 112 137 8.21 82.7 15.67 
BDC-75 5/10/09 6.78 110 132 9.26 94.2 16.26 
BDC-90 5/10/09 6.95 110 132 8.63 88.1 16.33 
BDC-FP-30 5/10/09 6.61 82 98 9.52 97.6 16.54 
BDC-FP-45 5/10/09 6.72 104 123 8.64 88.8 16.62 
BDC-FP-60 5/10/09 6.77 89 111 8.34 83 15.03 
BDC-Lamp 5/10/09 6.74 82 96 11.01 114.3 17.03 
BDC-105 5/11/09 7.26 118 149 9.91 96.5 14.15 
BDC-15 5/11/09 6.96 101 130 9.59 91.2 13.34 
BDC-3 5/11/09 7.07 92 115 9.13 89.4 14.29 
BDC-30 5/11/09 6.94 106 138 9.94 94.3 12.96 
BDC-45 5/11/09 7.28 105 137 9.18 86.2 12.78 
BDC-60 5/11/09 7.03 111 144 9.48 90.1 13 
BDC-75 5/11/09 7.31 114 146 9.63 92.4 13.42 
BDC-90 5/11/09 7.23 114 146 9.03 87.2 13.75 
BDC-FP-30 5/11/09 6.98 82 99 8.51 86.1 15.83 
BDC-FP-45 5/11/09 6.96 86 105 7.75 78.2 15.76 
BDC-FP-60 5/11/09 7 100 129 8.9 85.3 13.39 
BDC-Lamp 5/11/09 7.02 82 99 10.02 101.6 16.02 
BDC-105 5/12/09 7.38 125 153 8.88 89.2 15.61 
BDC-15 5/12/09 6.94 104 130 8.39 82.6 14.66 
BDC-3 5/12/09 6.84 103 133 9.03 86.3 13.28 
BDC-30 5/12/09 7.05 114 143 8.4 82.3 14.52 
BDC-45 5/12/09 7.21 118 150 8.52 82.9 14.04 
BDC-60 5/12/09 7.12 123 150 8.38 84.5 15.7 
BDC-75 5/12/09 7.26 125 151 8.43 85.1 15.84 
BDC-90 5/12/09 7.24 124 151 8.55 85.9 15.63 
BDC-FP-45 5/12/09 6.91 90 111 7.85 78 15.08 
BDC-Lamp 5/12/09 6.95 73 88 9.38 95.3 16.09 
BDC-105 5/13/09 7.39 130 160 10.49 104.4 15.17 
BDC-15 5/13/09 6.92 120 150 9.79 95.8 14.47 
BDC-30 5/13/09 7.16 127 158 9.87 97.3 14.75 
BDC-45 5/13/09 7.29 128 159 9.8 97.1 14.78 
BDC-60 5/13/09 7.27 128 158 9.57 94.5 14.84 
BDC-75 5/13/09 7.33 130 160 10.21 101.6 15.1 
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DO (%) Temp (C) 
BDC-90 5/13/09 7.24 128 159 8.29 82.2 14.82 
BDC-Lamp 5/13/09 6.97 85 103 11.51 116.2 15.8 
BDC-100 7/3/09 7.28 110 136 7.95 78.5 14.7 
BDC-105 7/3/09 7.32 106 132 8.22 81.2 14.7 
BDC-110 7/3/09 7.36 107 133 8.32 81.9 14.76 
BDC-120 7/3/09 7.4 111 138 8.52 84.5 14.8 
BDC-15 7/3/09 7.28 101 127 7.83 76.6 14.39 
BDC-3 7/3/09 7.2 99 125 7.71 74.9 14.16 
BDC-30 7/3/09 7.19 101 126 7.65 75.1 14.44 
BDC-45 7/3/09 7.2 104 130 7.15 70.1 14.49 
BDC-60 7/3/09 7.22 100 125 7.67 75.3 14.55 
BDC-75 7/3/09 7.3 108 127 7.46 73.1 14.48 
BDC-90 7/3/09 7.29 106 132 7.21 71 14.55 
BDC-FP-
100 
7/3/09 7.21 64 83 7.04 69.4 14.63 
BDCFP-
105E 
7/3/09 7.23 55 69 6.21 60.9 14.44 
BDC-FP-
105W 
7/3/09 7.16 88 112 6.28 61.8 14.72 
BDC-FP-30 7/3/09 7.22 83 100 7.65 77.5 15.95 
BDC-FP-45 7/3/09 7.09 81 98 7.41 75 15.9 
BDC-FP-60 7/3/09 7.19 84 102 7.19 72.6 15.84 
BDC-FP-75 7/3/09 7.12 72 88 7.55 75.8 15.55 
BDC-FP-90 7/3/09 7.09 80 100 6.45 63.2 14.3 
BDC-
gwspring 
7/3/09 6.71 117 126 7.32 82.9 21.29 
BDC-Lamp 7/3/09 6.94 76 91 9.05 92.9 16.55 
BDC-100 7/4/09 7.86 118 144 7.17 72.1 15.58 
BDC-105 7/4/09 7.99 119 145 7.4 74.4 15.46 
BDC-110 7/4/09 7.83 117 143 6.93 69.6 15.55 
BDC-15 7/4/09 7.59 102 123 6.52 66.3 16.02 
BDC-165 7/4/09 7.82 133 150 7.55 77.2 16.39 
BDC-3 7/4/09 7.64 114 139 6.4 64.6 15.8 
BDC-30 7/4/09 7.61 113 138 6.61 66.4 15.72 
BDC-45 7/4/09 7.62 112 138 5.85 59.3 15.89 
BDC-60 7/4/09 7.66 111 135 6.96 69.9 15.5 
BDC-75 7/4/09 7.89 112 137 6.52 65.4 15.5 
BDC-90 7/4/09 7.68 112 136 6.78 68.2 15.6 
BDC-FP-
100 
7/4/09 7.57 100 119 5.88 60.2 16.4 
BDC-FP-
105W 
7/4/09 7.98 110 134 5.85 59 15.69 
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DO (%) Temp (C) 
BDC-FP-
110E 
7/4/09 7.58 97 117 5.12 51.7 15.88 
BDC-FP-
110W 
7/4/09 7.75 82 99 5.33 53.7 15.84 
BDC-FP-30 7/4/09 7.36 82 96 6.56 68.4 17.37 
BDC-FP-45 7/4/09 7.39 82 95 6.68 69.9 17.52 
BDC-FP-60 7/4/09 8.02 82 96 6.72 70.4 17.51 
BDC-FP-75 7/4/09 7.5 80 94 6.6 68.8 17.31 
BDC-FP-90 7/4/09 7.44 83 97 6.4 66.5 17.13 
BDC-
gwspring 
7/4/09 7.27 121 123 6.46 76.7 23.95 
BDC-Lamp 7/4/09 7.38 72 83 8.54 90.1 17.96 
BDC-100 7/5/09 140 173 7.68 76.4 15.1 
BDC-105 7/5/09 138 171 8.25 81.5 14.94 
BDC-110 7/5/09 142 175 7.67 76.4 15.11 
BDC-15 7/5/09 109 132 7.06 71 15.63 
BDC-150 7/5/09 146 178 7.83 78.4 15.46 
BDC-3 7/5/09 112 138 6.87 68.7 15.35 
BDC-30 7/5/09 108 131 6.41 64.4 15.65 
BDC-45 7/5/09 120 148 6.9 68.8 15.25 
BDC-60 7/5/09 128 158 7.47 74.1 14.96 
BDC-75 7/5/09 126 157 7.05 70 15.05 
BDC-90 7/5/09 130 161 7.53 74.7 15.05 
BDC-FP-
100 
7/5/09 88 106 5.24 53.5 16.37 
BDCFP-
105E 
7/5/09 57 70 4.73 47.4 15.47 
BDC-FP-
105W 
7/5/09 123 149 5.96 60.2 15.78 
BDC-FP-
110E 
7/5/09 94 114 2.99 30.3 16.01 
BDC-FP-
110W 
7/5/09 101 122 4.68 47.4 15.79 
BDC-FP-30 7/5/09 72 84 6.23 65 17.42 
BDC-FP-45 7/5/09 72 84 7.17 75.2 17.61 
BDC-FP-60 7/5/09 74 86 6.66 70 17.69 
BDC-FP-75 7/5/09 75 87 6.8 71.1 17.43 
BDC-FP-90 7/5/09 69 81 6.6 68.4 17.09 
BDC-
gwspring 
7/5/09 143 141 8.81 108.7 25.78 
BDC-Lamp 7/5/09 70 80 8.56 91.4 18.52 
BDC-100 7/6/09 161 185 7.42 79 18.25 
BDC-15 7/6/09 136 160 7.5 77.5 17 
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BDC-3 7/6/09 123 146 6.81 70.1 16.73 
BDC-30 7/6/09 140 165 7.34 76.3 17.15 
BDC-45 7/6/09 140 164 7.76 80.9 17.3 
BDC-60 7/6/09 147 173 5.36 55.7 17.13 
BDC-90 7/6/09 157 185 7.05 72.9 16.93 
BDC-FP-30 7/6/09 80 88 6.94 75.7 20.7 
BDC-FP-60 7/6/09 83 92 6.37 69.9 19.89 
BDC-
gwspring 
7/6/09 141 132 9.36 120.5 28.44 
BDC-Lamp 7/6/09 78 86 8.72 96.1 20.07 
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